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(57) Abstract 



Hie faiventloD provides a nucleic add-based immunogen, preferably delivered to a recipient via a direct gene delivery system, such 
as a gene gun. lor reduci ng or arecIiocBling pathogenic diseases, including cancen, Spedficalty, direct deliveiy immunization of the nwlftc 
BctcMMsed tromunogeos In combination with cytokine adjuvant end. If desbcd, one or more Unmunostimulotory mc^ecules in aocotdance 
with the invention provides for the first time, preveotioo and treatment of a cancer or tumor. The nucleic acid imraunogen in the form 
of pbsraid DNA, for example, inoculated by particle-mediated delivery induces potent humoral and celNmediated immune responses that 
result In protective immunity ftom tumor chailenge. Active therapeutic responses tn tumor bearing mammals are elicited when cytotines 
for example. IL-2, 1^6, IL.7, and IU12) are administered as adpvant following immunization widi DNA immvnogens. TTie inventica 
wovides a novel use of the direct particle-mediated gene delivery appncoch of DNA immunization and of the strategy of using DNA as an 
mmunogcn in conjunction with cytokmes and/or eostimulatory agents fw the treatmcm of established tumors. Tlie fawention allows scvcml 
i;cncs encoding different molecules to be coated onto each particle, and thus each bombarded cell can elaborate more than one pjoteln, 
ihereby aiding in enhancing and augmenting the immune response. 
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ENHANCEMEOT OF DNA IMMUNIZATION THROUGH THE USE OF CYTOKINES 

FjOELD OF THE INVENTION 

The present invention relates to immunization and vaccination using 
nucleic acid-based immunogens for the prevention or treatment of pathogenic 
diseases and cancer. More particularly, plasmid DNA comprising one or more 
genes encoding an antigen associated with a pathogenic disease or cancer is used in 
accordance with the invention for immunizing or vaccinating an animal via direct 
delivery of the DNA to cells and tissues. The prophylactic and therapeutic effects 
of the nucleic acid-based vaccines of the invention are enhanced by the 
administration of cytokines and, optionally, costimulatoty or immunomodulatory 
molecules. 

BACKGROUND OF THE INVENTION 

Tlie induction of anti-tumor unmunity, in part, involves cytolytic or 
cytotoxic T lymphocyte (CTL) responses (GrefinbCTg. P.D., et al., 1981, H-2 
restriction of adoptive immunotherapy of advanced tumors, h Iipmunol, 126:2100; 
Greeoberg. P.D,, 1991, Adoptive T cell therapy of tumors: mechanisms operative 
in (he recognition and elimmation of tumor cells. Adv. Immunol. 49:281; and 
Rosenberg, S.A., ct al., 1988, Use of tumor infihrating lymphocytes and 
interleukin-2 in the immunotherapy of patients with metasUtic melanoma. 
Preliminary rqwrt. N Enpl. J. Med. 319:1676). Many experimental animal 
studies have demonstrated that the cellular, rather than the humoral, arm of the 
inunune response plays the major role in the elimination of murine tumon 
(Wunderlich, J.R. et al. Principles of tumor immunity: DeVita el al (eds) ^ 
In: Biologic T hera py of Cancer . Kiiladelphia: J.B. Lqjpincott Co. 1991, pp, 3-21). 
Much of this evidence was derived from studies in which the adoptive transfer of T 
lymphocytes from immune animals was shown to transfer resistance to tumor 
challenge or, in some experiments, the actual elimination of established cancen. 
Thus, most strategies for the immunization of patients with a variety of cancers 
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have been directed at stimulating strong T cell immune reactions against tumor 
associated antigms. 

Although a number of attempts at active immunization against cancer 
antigens has involved whole tumor cells or tumor ceil fragments, it would be Siost 
desirable to immunize specifically against unique tumor antigens that distinguish 
malignant from normal cells. The molecular nature of the tumor associated 
antigens (TAAs) recognized by T lymphocytes is poorly understood. In contrast to 
antibodies that recognize epitopes on intact proteins. T cells recognize shon peptide 
fragments (about 8-18 amino acids in length) that are presented on the cell surface 
in association with class I or class n major histocompatibility (MHC) molecules, 
and it is likely that tumor associated antigens arc presented and recognized by T 
cells in this fashion. 

The recent cloning of genes encoding tumor associated antigens 
(TAAs) recognized by CTL makes it possible to design antigen specUic 
recombinant viral and nonviral vectors that allow for control over parameters such 
as the quantity and kinetics of expression, the intracellular compartment into which 
the TAAs are expressed and what tissues or cell types are used to expi^ TAAs ni 
mQ (Brichard. V., et al., 1993, The tyrosinase gene codes for an antigen 
recognized by autotogous cytolytic T lymphocytes on HLA-A2 melanomas. J. Exp. 

178:489; Cox, A.« et al.. 1994, Identification of a peptide recognized by five 
melanoma-specific human cytotoxic T cell lines. Science 264:716; Kawakami, Y,, 
et al., 1994, Cloning of the gene coding for the shared human melanoma antigen 
recognized by autologous T cells infiltrating into tumor. Proc. Natl. Acad , f ^}^ 
ILSiA* 91:3515; Kawakami. Y., et al., 1994, Identification of a human melanoma 
antigen recognized by tumor-infiltrating lymphocytes associated with in vivo tumor 
rejection. Pn)c. Natl. Ac ad. Sci. U.S.A. 91:6458; Robbins. P.R, et al,. 1995,^ 
Cloning of a new gene encoding an antigen recognized by melanoma-specific HLA- 
A24-resiTicted tumor-infiltrating lymphocytes. J, Immunol. 154(1 1):5944; PartloU. 
D.M., 1995, A new look for the 1990's. Sciaffi 369:357). For example, several 
viruses, including recombinant vaccinia virus, fowlpox virus, and adenovirus, 
which encode model TAAs have been shown to express antigens within the 
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cytoplasm of infected cells, thereby resulting in the induction of tumor immunity 
(Estin, CD., el al., 1988, Recombinant vaccinia virus against the human 
melanoma antigen p97 for use in immuno&erapy. Proc. Natl. Acad. Set. U.S.A. 
85;1052; Kantor, J., et al,, 1992, Antitumor activity and immune responses g 
induced by a recombinant carcinoembiyonic antigen-vaccinia vims vaccine. J. Natl, 
Cancer Inst. 84:1084; and Wang, M., et al., 1995, Active immunotherapy of 
cancer with a nonreplicating recombinant fowlpox vims encoding a model tumor- 
associated antigen. J. Immunol. 154(9):4685). However, immunization with live 
attenuated or recombinant vinises, ahhough potent, may also pose safety risks 
because of their potaitial infectious nature (McElrath, M.J.. et al., 1994, Immune 
responses elicited by recombinant vaccinia-human immunodeficiency vims (HIV) 
envelope and HTV envelope protein: analysis of the durability of responses and 
effect of repeated boosting. J. Infect. Pis. 169:41). In addition, immune responses 
against heterologous protdn may be reduced when the . host has bad previous 
exposure to the vims, such as has been observed with vaccinia vims (Graham, 
B.S., a al., 1993, Augmentation of human immunodefidency vims type I 
neutralizing antibody by priming the gpl60 recombinant vaccinia and boosting with 
rgpl60 in vaccinia-naive adults. The NIAID AIDS Vaccine Clinical Trial 
Networic. J. Infect. I^s. 167:533; Batt^y, M., ct al., 1993, Impainnent and 
deify of neutralizing antiviral antibody responses by vims-speciftc cytotoxic T 
cells. 3. Immunol. 151:5408; and Ckxmey, B.L., et al., 1991, Safety of and 
immunological response to a recombinant vaccinia vims expressing HIV envelope 
glycoproteins. Lancet 337:567). 

The identification of inununodominant peptides that represent unique 
tumor antigens allows new avenues for immunization against cancer. Substantial 
e\^dence exists in animal models that immunization with immunodominant vital 
peptides can induce viral*^)ecific CTL that can confer protection against viral 
infeaion. Although pure peptide alone is ineffective in stimulating T ceU 
le^nses, pq)tides emulsified in adjuvants or complexed with lipids have been 
shown to prime mice against challenge with fresh vims and can induce vims 
specific CTL that protect mice against I^hal viral inocula (Kast, W.M. et al., 
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1991, Pnx:. Nat*l A cad. Sci. U.S.A. 88:2283-2287; Deres, K. ct al., 1989. Nature 
342:561-564; Gao, X.M. ct al., 1991, J. Immunol. 147:3268-3273; Aichele, P., 
1990, J, Pxp, MPd. 171:1815-1820; CoUins, D.S. et al., 1992, L Immunol. 
148:^36-3341). Immunization of mice against splenocyics coated with LiaedS' 
mpnocytpggngs pq)tide q)itopcs also results in the generation of Listeria - specific 
CTL which can be expanded in culture. Adc^ve tiansfer of these CTL can 
protect mice against lethal bacterial challenge (Haity, J.T. ct al., 1992, J. Exp. 
Msi 175:1531-1538). Pqitides representing antigenic epitopes of HIV gpI20 and 
gpl60 emulsified in complete Freund*s adjuvant can also prime specific CTL 
responses (Takahashi, H. ct al.. 1988, Proc. Nat^l Acad. Sci. V^ ^a 85:3105- 
3109; Halt, M.K. et al., 1991, Proc. NatM Aca d. Sci. U .S ,^. 88:9448-9452). 

While immunization with peptides in adjuvants or complexed with 
l^ids gives rise to T cell responses in mice, the reactions are rarely strong enough 
to induce T reactive cells in primaiy splenocytes. The detection of sensitized 
lymphocytes almost invariably requires secondary in vitro stimulation. 

In humans, a number of genes have been identified that encode 
melanoma tumor antigens recognized by tumor infiltrating lymphocytes (TIL) in 
the context of the HLA-A2 class I molecule (Kawakami, T. et al., 1994, Proc. 
Nat1 Acad, Squ 91:3515-3519; Kawakami, Y. et al.. 1994, L Exp. M«i 180:347- 
352; Kawakami ct al., 1994, Cancer Res. 54:3124-3126). These anUgens appear 
to be the most clinically relevant antigens responsible for mediating tumor 
regression in patients with advanced melanoma, because the HL used to identify 
these antigens were capable of mediating anti-tumor regression in yivg. In 
particular, two such antigens, which appear to be present in viituaDy all fresh and 
cultured melanomas, have been called MART-1 (Melanoma Antigen Recpgnized by 
T CeU5-l) and GP-100. The genes encoding both of the pq)tides have been clbndd 
and sequenced. The MART-1 gene encodes a 1 18 amino acid protein of 13 kD. 
The GP-lOO gene encodes a protein identical to that recognized by monoclonal 
anUbody HMB-45. 

With the exception of melanocytes and retina, no normal tissues 
express these antigens and no expression of these gene products has been seen on 
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cancers other than melanoma. Both antigens, therefore, appear to be melanocyte 
lineage speclflc. The MART-1 antigen was expressed on nine out of nine tissue 
culnire lines that were establi^ed fix»n melanomas in the Surgery Branch, NQ, 
an^on all fresh melanomas tested. Studies by others have shown that the 
(also called Melan-A) antigen was expressed on 26 out of 26 fresh melanomas 
(Coulie, P.O. et al., 1992. J. Exp. Med. 180:35-42). The GP-lOO antigen Is also 
widely expressed in melanomas. In one study, reactivity with antibody HMB-45 
(reactive with GP-lOO) was present on 100% of non-spindle cell type melanomas 
and on 62 out of 67 total melanomas (Wick, M.R. et al., 1988, J. Cutan. Piathol. 
4:201-207). In another rqmrt, 32 out of 3S melanomas studied (91 %) expressed 
GP-lOO (Ordonez, N.G. et al., 1988. Am. J. Clin. Pathol. 4:385-390) and in a 
third study 60 out of 62 (97%) melanomas expressed GP-lOO (Gown, A.M. et al., 
1986, fm. I Pat hol, 123:195-203). 

Of 14 sepmtc TJL cells that were raised in the Surgery Branch, 
NO from different HLA*A2 indiv^ual^, 13 out of 14 recognized NfART-l.and 4 
out of 14 recognized the GP-lOO antigen. Because TIL cells that recognize these 
determinants have been shown to be capable of mediating cancer regression, in 
vivo , it appean that these antigens are involved in cancer regression. 

Another gene coding for a human turoor-spec^ic antigen on a human 
mefinoma was cloned by Van der Biuggen et al (1991, Science 254:1643-1647). 
This antigen is encoded by a gene called MAGE-1 which spans five kilobases. A 
2,419 base pair coding sequence produces a predicted protein product of 26 kD. 
The MAGB antigen is HLA-Al restricted and the nine amino acid fragment that 
rq;)resents the Al restriaed immutuxiominant peptide has been defined as Glu-Ala- 
Asp-Pro-Thr-Gly-His-Ser-Tyr. This nine amino acid peptide is encoded by the 
thii^ exon of the MAGE gene. Transfection of a 500 base pair fragment of tUs 
gene can confer recognition by a MAGB-specific CTL clone. Incubation of an 
EBV-infected cell line with the immunodominant pqHide can confer sensitivity to 
lysis by a MAGE-1 spedfic CTL clone. MAGE-1 does not appear to be expressed 
in normal cells with the possible exception of testis, but is expressed on 
approximately half of metastatic melanomas and on about 20% of breast cancer 
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cells, as weU as on other selected types of cancers. 

In both mice and humans, the expression of the B7 gene family has 
been shown to be an important mechanism of ami-tumor responses. It is now 
becoming apparent that at least two signals are frequently required for activatiof of 
naive T-cells by antigen bearing taiget cells: an antigen specific signal, delivered 
through the T-cclI receptor, and an antigen-indq)endent or costimulatoiy signal 
leading to lymphokine producu (Hellstrom. K.E. et al., 1993, Annals NY yy o^ri 
ScL 690:225-230). Examples of two important costimulatoiy (also called 
immunostiraulatoiy) molecules arc B7-1, which is the ligand for T-ceU surface 
antigens CD28 and Cnj\4 (Schwartz. R.H., 1992, Cd] 71:1065-1068; Chen, L. 
et al.. 1992, CeH 71:1093-1102; Freeman. G.J. et al.. 1989, J. Immunol. 
143:2714-2722; Freeman, G.J. et al., 1991, J. Exp. Med 174:625-631), and 87-2. 
an alternative Ugand for CI1A4 (Freeman, G.J. et al.. 1995. Science 262:813- 
960). To date, both murine B7-1 and B7-2 (Freeman, G.J. et al., 1991, J. Exp. 
i^dfid. 174:625-631; Freeman. G.J. ct al., 1995. 262:813-960) and human 

B7.1 and B7-2 (Freeman. G.J. et al.. 1989, J. Immunol. 143:2714-2722; Freeman. 
G.J. et al., 1993, Scigftge 262:909-91 1) have been described.^ At present, it is 
unclear if the costimulatory signals provided by B7-1 and B7-2 arc functionally 
distinct or redundant mechanisms for T-cdl activation (Hathcock, K.S. ct al., 
19g». Med, 180:631-640). Most murine and human tumors do not express 

B7-1 or B7-2, implying that even when a tumor expresses a potential rejection 
antigen, it is unlikely to activate anti-tumor T-cell reqxmscs (Hcllstiom, K,R a 

1993, Annals N.Y. Acad. Sci^ 690:225-230); Hellstrom. I.. 1993, Annals 
RY, Acad, Spi, 690:24-31). In essence, aneigy may result from only one signal 
being received by the T-ceU (Hellstrom, K.E. et al., 1993. Annals N.Y AraH jg^j , 
690:225-230). Transfection of B7 into melanoma cells was found to induce the ^ 
rejection of a murine melanoma in yiye (Townsend, S.E. el al., 1993. Science 
^59:368-370), 

Needed in the art arc safe and effective modes of immunizing 
individuals against pathogenic diseases and cancers. In particular, non-viral 
alternatives for active cancer immunotherapy would be extremely beneficial to 
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patients and the medical community. Direct DNA-based immunization by panicle* 
mediated gene deliveiy devices is one such alternative afforded by the present 
invention. DNA vaccination may be accomplished by the e?q}ression of an 
inoculated isolated nucleic acid molecule^ i.e., bacterial plasmid DNA, encoc^ng a 
foreign gene of interest accompanied by other gen^c sequences which enable the 
gene to be expressed within mammalian cells utilizing host machinery (Wolff, 
J.A., et al., 1990, Direct transfer into mouse muscle in vivo . Scienp^ 247:1465; 
Davis, H.L., et al., 1993, Direct gene transfer into skeletal muscle in yiyo: factors 
affecting efficiency of transfer and stability of expression. Hum. Gene. Ther. 
4:151; and Kozak, M., 1989, The scanning model for translation: an update. L 
C^M Biol. 108:229). 

DNA-based immunization approaches have been shown to 
successfiiUy induce both humoral aiul cdlular immunity in many antigen systems 
(Fynan, E., et al., 1995, DNA vaccines: protective immunizations by paraital, 
mucosa], and gene-gun inoqulations. Proc. Natl. Acad. Sci. USA 90:11478; 
Eisrabraum, M. D., et al., 1993, Examination of parameters affecting the 
elicitation of humoral immune response by particle bombardment-mediated genetic 
immunization. DNA and Cell. Bio. 12:791; Fuller, D. H., et al., 1995, A 
qualitative progression in HIV type 1 glycoprotein 120-specific cytotoxic cellular 
aruf^umoral immune response in mice receiving a DNA-based glycoprotein 120 
vaccine. AIDS Res. Hum. Retrovir. 10 (11):1433; Tang, D., et al., 1992, Genetic 
inununization is a simple method for eliciting an immune re^nse. Nature 
356:152: Ulmer, J. B., et al., 1993, Heterologous protection against influenza by 
injection of DNA encoding a viral protein. Science 259:1745; Wang, B., et al., 
1993, Gene inoculation generates immune reqxmse against human 
immunodeficiency virus type 1, Proc. Natl. Acad. Sci. USA 90:4156; Sedegah^ 
M., et al., 1995, Protection against malaria by immunization with plasmid DNA 
encoding circumsporozoitc protein. Proc. Natl. Acad. Sci. USA 91:9866; Pedroza 
Martins, L., et al., 1995, DNA vaccination against persistent viral infection, 
Virol. 69 (4):2574; and Zarozinski, C.C, et al., 1995. Protective CTL-dqpendent 
immunity and enhanced immunopathology in mice immunized by particle 
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bombardmenl with DNA encoding an interna] virion protein. J. Immunof, 
154:4010-4017). For example, gene gun dcliveiy of DNA encoding human growth 
hormone (hGH) resuhed in speciTic antibody responses tl^t correlated with particle 
deliveiy of the mouse qiidennis, and intnunuscular inoculation of plasmid USM 
encoding the influenza A viral nucleoprotein mduced protective humoral and 
cellular immunity. Protective immunity after DNA-based immunization has also 
been observed using gpl60 and rev proteins from HIV-1, and HI antigen from 
influenza, circumsporozoite protein from malaria, and nucleoprotein from LO^V. 
In cancer immunotherapy, plasmid constructs encoding either the full length cDNA 
for carcinoembryonic antigen (CEA) or HTV-l envelope protein, gpl60, have been 
shown to protect mice from subsequent challenge with syngeneic tumors e)q:)ressiiig 
these model antigens (Corny, R.M., et al., 1994, Immune response to a 
carcinoembryonic antigen polynucleotide vaccine. Cancer. Res. 54:1 164; Conty, 
R.M., et al., 1995, A carcinoembryonic antigen pblynucieotidb vaccine has ui yiXQ 
antitumor activity. GeneTher. 2:59; and Wang, B., et al,. 1994, DNA iiibculation 
induces protective io vivp rnunune reqxmses against ceUular challenge with HIV-1 
antigen expressing ceDs. AiPS fes, HUfn, RgtroYir. 10:21). 

In spite of the above-m^ooed DNA-based aj^niaches, therq[)eutic 
activity against established tumors using either "naked" DNA intracellular injection 
or ^e gun immunization has not been achieved in the art. Moreover, newly 
presented to the art is the enhancement of the immune response and active 
immunother^>y following immunization, particulariy against established tumors, 
using DNA-based vaccines in conjunction with the administration of one or more 
cytokines and/or costimulatory molecules, involving either co-injection of cytokine- 
and/or costimulatory molecule-encoding DNA by specific DNA immumzatk)n, or 
by s^temic administration of cytokines and/or costimulatory molecules, whereb^ 
the cytokines serve as adjuvants. 

SUMMARY OF THE INVENTION 

The present invention provides direct delivery of immunogens or 
vaccines comprising isolated nucleic acid sequences for the prevention and 
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trcatmcnl of cancer and pathological diseases, including bacterial, parasitic, 
protozoan, or viral infection. The nucleic acid-based vaccines may comprise 
DNA, cDNA, or RNA, for example, and preferably comprise cukaryotic and 
mafimalian vectors for expression in mammalian cells. ^ 

The invention fisrther provides such DNA-based vaccines enhanced 
with the administration of cytokines to promote the active immunotherapy of cancer 
and treatment of infection and other pathogenic diseases. In accordance with the 
invention, costimulatory molecules may also be administered to enhance the 
immune reponse and to augment immunity via the local expressbn of such 
molecules. DNA encoding one or more cytokines and DNA encoding one or more 
co-stimulatory molecules may be contained within the vector comprising DNA 
encoding one or more tumor assodated antigens or other disease-associated 
antigens to augment cellular, and humonJ immunity. Alternatively, the DNA 
encoding cytokines and/or QNA enoodiug costimulatoiy molecules may be 
contained in discrete plasmids and. admixed or co^administered with the DNA 
encoding the tumor or disease-associated ant]gen(s). The invention also embraces 
systemic administration of one or more cytokines and/or costimulatoiy molecules to 
enhance the immune reqx>nse to DNA immunization. 

It is an object of the invention to provide an improved method of 
vadtination and immunotherapy using ptasmid DNA delivered directly to cells by 
panicle-mediated gene deliveiy systems, such as by means of a gene gun device, to 
treat and prevent cancers, metastatic cell growth, and diseases. 

It is a further object of the invention to enhance nucleic acid-based 
immunization using one or more different cytokines in conjunction with 
immunization protocols designed to activate T cell inununity against bacterial or 
viraJ pathogens, as well as cancer. Nucleic acid which encodes the cytokine(^of 
interest can be fanmunizcd at the same time as the DNA encoding antigaKs), e.g., 
tumor associated antigen(s), thereby causing local secretion of cytokines and 
enhancement of therapeutic immune responses. A reduction in toxicities frequenUy 
associated with such cytokines may also be provided by the invention. 

Yet another object of the invention is to provide prophylactic and 
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therapeutic methods of cancer tieatment using smaU amounts of DNA to induce 
potent and consistent cellular and humoral immune responses. 

It is another object of the invention to provide a therapeutic 
composition and a method of preventing or treating a disease in a mammal 
comprising administering an effective amount of nucleic acid encoding antigen(s) of 
a disease-causing agent or cancer to the mammal via direct gene delivery and 
administering an exogenous cytokine and/or costimulatory molecule or 
immunomodulatory molecule, or combination thereof, for preventing or 
ameUorating the disease or cancer. The administration of the cytokine, 
costimulatory or immunomodulatory molecule can be achieved by co-injection of 
nucleic acid (e.g., plasmid DNA) encoding specific cytokine, immunomodulatory 
or costimulatory molecules with ttit nucleic acid encoding a disease causing agent 
or cancer, or by exogenous adminiitration. 

It is another object (/f the^invention to provicle a vaccine against a 
'disease-causing agent or cancer coniprising^ an isolated nucleic add sequence (for 
example, in a plasmid) encoding one or more :disease or tumor-associated antigens 
or immunodominant epitopes thereof, wherein the nucleic acid vaccine is directly 
put into cells or tissues, to prevent or reduce a cancer or a disease or infection 
caused by a disease-causing agent or tumor. 

Additionally, it is an object of the invention to enhance the immune 
response resulting from nucleic actd-based vaccine in accordance with the invention 
by the administration of cytokines, particulariy interleukins, as adjuvant to reduce 
an established cancer or to prevent or ameliorate pathogenic disease and cancer. 

It is yet another object of die invention to enhance the immune 
response resulting from nucleic acid-based vaccmation or immunization by the 
administration of one or more cytokines, particulariy interieukins, and optionally 
one or more immunostimulatory or immunomodulating agents, chemotherapeutic 
drugs, antibiotics, antifungal drugs, antiviral molecules, or combinations thereof, in 
an amount effective for preventing or ameliorating disease, infection, or cancer. 
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DESCRIPTION OF THE DRAWINGS 

The appended drawings of the figures axe presented to further 
describe the invention and to assist in its understanding through clarification of its 
various zspccts. Abbreviations used herein are as follows: CMV: cytomegalovinis; 
5 TAA: nimor associated antigen; B-gal: beta-galactosidase; NP: nucleoprotein; 

CEA: caicinoembryonic antigen; m: recombinant murine; rh: recombinant human; 
mAb: monoclonal antibody. 

Fig, 1 demonstrates the induction of humoral immunity elicited with gene gun 
vaccination of the nucleic acid-based immunogen, pCMV/jJ-gal. BALB/c mice 

10 

(three per group) were immunized two times at two week intervals in the epidermis 
in the abdomen; each unmunization consisted of four shots of 0.25 mg of gold, 
thus delivering a total of citfier 1.0 fig of control pCMV/NP, or 0.01 /ig. OA fig, 
1.0 ftg of pCMV/^-gal. Fourteen days following the boost, sera were tested by 

'5 ELISA as described in Example 1 for the presence of antibodies reactive with 

recombinant p-gal protein. The relative conc^tralion of antibodies reactive with 
i3-gal was calculated from a standard curve generated using a commercially- . 
available anti-j9-gal mAb and expressed as ftg/ml. 

20 Fig, 2A-2D demonstrate that secondary in mo Tew* cells were induced by 
immunization with gene gun vaccination of pCMV//!-gal. BALB/c mice were 
immunized one time in the q)idennis; each immunization consisted of four sho^ of 
0.25 mg of gold, thus deUvering a total of 1.0 Mg pCMV/NP control DNA (Fig. 
2A), 0.01 fig pCMV/iJ-gal (Fig. 2B). 0. 1 Mg pCMV//?-gal (Fig. 2C), or 1 .0 fig 
pCMV/fl-gal (Fig, 2D). Fourteen days later, pooled splenocytes (two mice per 
group) were restimulated is yixfi with 1 Mg /S-gaWw* (SEQ ID N0:1) peptide for 
six days and then assayed for specific lytic activity in a ^'Cr release assay against 
CHe.WT OS-gal-), CT26.CL25 (|5-gal+), or CT26.WT pulsed with /S-gal^^s^ 
(SEQ ID N0:1) peptide target cells. These experiments were repealed two times 
and similar results were obtained. 

Fig, 3 shows that immunization with a DNA vaccine in accordance with the 
invention prevents the growth of intravenous tumors. Day 0, BALB/c mice were 
35 immunized one time in the epidermis, each immunization consisted of five shots of 
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0.25 mg of gold delivering 1.0, 0.10, or 0,01 ftg of pCMV/j8-gaJ or l.O ^g of 
omtrot DNA alone. Fourteen days later, mice (5-10 per group) weie chaUenged, 
iv. with 2.5 X 10* CT26.CL25 0^-gal+) or CT26.WT (jj-gal ) tumor cdls. On day 
17, lungs wefe harvested and tumor nodules enumerated in a blind fashion. 
Statistical analysis was carried out using the non-parametric Knislcal-Wallis test, 
therefore error bars are not shown. The graph in Fig. 3 represents a summaiy of 
all of the data obtained from throe sqsarate experiments. In the first experiment, 
the control DNA utilized was pCMV/hGH; in the remaining experiments 
pCMV/NP was used as control DNA. 

Fig. 4 shows that adoftf ve immunotherqiy of tumor bearing mice with immune 
splenocytes was induced by gene gun vaccination. On day 0, CT26.WT O^-gal-, 
O) and CT26.CL25 (0-gal+, •) tumor cell lines were each injected i.v. into 
BALB/c mice to create lung .metastases. On day three, tumor bearing mice were 
treated with effector splenocytes from donottmice. The donor cells were generated 
by prior gene gun immunization with 1 ng of eidier pCMV//J-gal or pCMV/NP 
. foUowed 14 days later by in vitro incubation for sbc days with l;tg/ml of either fi- 
EB^vt^ (SEQ ID N0:1) or HPy^i us (SEQ ID N0:2) pq>tide. On day seventeen, 
the number of pulmonaiy m^astases was enumerated in a coded, blind fashion. 
This experiment was rqieated one time and similar results were obtained. 
Fig. 5 demonstrates active immunotherapy of established pulmonaxy metastases 
with the pCMV/0-gal vaccine in conjunction with systemic administration of rhlL- 
2, rmIL-6 or rhIL-7. BALB/c mice were injected i.v, with 5 x 10* CT26.CL25 
(0-gal+) tumor ceUs. On day 2 following tumor challenge, treated mice were 
immunized with 10 fig of pCMV/^*gal. Each mouse received 10 shots of 0.5 mg 
of gold with each shot delivering 1 ftg of DNA. On day three, mice (5-10 mice 
per group) began regimens of i.p. cytokine injections as described in Example 1 
On day twelve, lungs were harvested and the number of pulmonaty metastases was 
enumerated in a coded, blind fashion. Nonparametric statistical analysis was 
performed using the Kmskal-Wallis test an: Statistics . 1989, Eds,. J.T. McClane 
and F. Dietrich n, Fourth Ed., Chapter 10.3, Collier MacMillan, p. 589). The 
groups with asterisks above were found to be statistically significant compared with 
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either cytokine alone (*: p2=0.001; p2=O.O03: P2=0.{)OQ2) or with p-gal 
DNA alone (♦: pj^O.OOS; p2=O.O0O3; p2=0.001). Hie Fig. 5 giaph 
represents a summary of two experiments. 

Fig. 6 demonstrates active immunotherapy of established pulmonary metastases 
with the pCMV/j9-gal nucleic acid vaccine plus systemic administration of nnlL- 
12, BALB/c mice were injected i.v. with 5 x 10* CT26.CL25 (/3-gal+) or CT26 
09-gal-) tumor cells^ On day 2 following tumor challenge, treated mice were 
immunized with 10 ftg of pCMV//J-gal or 10 /ig of pCMV/NP. Each mouse 
received 10 shots of 0.5 mg of gold, with each shot delivering l^g of DNA 
immunogen. On day three, mice began legimens of i.p. injections with nnIL-12 
as described in Example 1. On day twelve, hings was harvested and the number of 
• pulmonary metastases was enumerated in a coded* blind fashion. Nonpanunetric 
^statistical analysis was done using Kniskal-Wallis te^. The groups with asterisks 
ifwm found to be statisticaUy signiflcant ^omp^red with cither cytokine alone (*: 
•;pj=0.004 ; pj=0.0Q2; ***: pj =0.002) or^-gal nNA,.(*; PjfO.036; **: 
/P2=0.036; **♦: pj=0.012) alone. The adjuvant effects of IL-12 were observed 
ahree times, while the effect of i}-gal was observed one time. 

DETAILED DESCRIPTION OF THE INVENTION 

The preset invention provides direct nucleic acid-based 
immunization to induce antigen-specific cellular and humoral inunune refuses, as 
well as proteaive immunity for an active treatment immunotherapy agdnst cancer 
and pathogenic diseases, including bacterial, parasitic, protozoan, and viral 
infections. In particular, DNA-based immunization offers an attractive and safe 
non-viral alternative for immunotherapy against cancer and other disease-causing 
agents and organisms. £ 

Nucleic acid-based immunogms (also called DNA-based 
immunogens herein) for vaccines offer several advantages over the use of other 
immunizing agents, such as attenuated or recombinant viruses, for example. 
Purified DNA is relatively safe compared with rq>Iication-competent viruses, 
which, may resuh in disseminated viremia. especially in immunocompromised 
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indivtduals. Plasmid DNA can also be easily and rapidly purified compared with 
the production of live vinises, which involves time consuming homologous 
recombination and plaque purification steps. The use of DNA vectors would also 
obviate the problems of anamnestic responses that can eliminate recombinant 
vtnises more rapidly, thereby reducing immune responses against heterologous 
proteins expressed by viral carriers. Thus, genetic vaccines comprising isolated 
nucleic acid sequences r^resent a safe, convenient, and efficient option to other 
types of viral^based vaccines for the immunotherapy of cancer and pathogenic 
diseases. 

The nucleic acid-based immunogens for prophylactic and therapeutic 
vaccination in accordance with the invention comprise plasmid or vector or plasmid 
vector DNA (these terms are used synonymously herein) comprising the isolated 
nucleic acid of interest/e.g., DNA, cDNA, RNA, with cDNA preferred, usually 
heterologous (e.g., a micleic acid sequence (k gene) pfefeiably double stranded, 
encoding a tumor-associated antigen.'^ a nucleic acid sequence encoding an antigen 
of a pathogenic disease-causing microorganism or virus, and the like) accompanied 
by other sequences or control elements that are desired or required for'proper 
expression of the plasmid in a cell. Plasmid vecton suitable for use in the presem 
invention comprise at least one egression control element or promoter 
opftationally linked to the nucleic acid sequence encoding the gene of interest and, 
if desired, to other nucleic acid sequences encoding cytokines, immunostimulatoiy 
or immunomodulatory molecules, or combinations thereof, as described herein. 
The e}q>ression control elements are inserted into the vector to control and regulate 
the expression of the nucleic acid sequence in a mammalian cell system, in 
particular. iExamples of expression control elements include, but are not limited 
to, operator regions and promoters derived from polyoma vims, a<tenovirus. Rout 
sarcoma vims, cytomegalovinis, retrovimses, or SV40. Other promoters may 
include thymidine kinase (TK). pho^hoglycerol kinase (PGK) or the o-actin 
promoters. 

Alternatively, tissue-specific promoters or regulatory elements may 
be used, non-limiting examples of which include the following: the N-CAM 
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promoter (specific for brain and central nervous system); the PIT-l promoter 
(piniitaiy specific transcription factor); the ciystalline promoter (specific for protein 
expression in the iens of the eye); the keratin promoter (specific for protein 
expression in the skin); the albumin promoter (livcr-specific); the alpha- or bm- 
globin promoters (specific for red blood cells); the Ig enhancer (specric for B 
lymphocytes); the T cell receptor a- or fl-promoters (specific for T cells); the 
insulin promoter (specific for pancreatic cells); the gastrin promoter (q)ecific for 
cells of the stomach); the cardiac actin promoter (specific for heart); the 
tn^myosin promoter (specific for skeletal muscle); and the lactalbumin promoter 
and the whey acidic protein (WAP) promoter (A.C. Andres al., 1987. Proc. 
ml Acad, ScL U5A, M: 1299-1303; C.W. Pittius ct aJ., 1988, Froc. Nasi Acad. 
ScL USA, 25:5874-5878), (specific for expression in breast tissue). 

Additional prcfened or required operational elements in the plasmid 
for immunization include, but are not limited.to, enhancer sequence(s), leader 
sequence(s), termination codon(s), polyadenyhtion signals»^and any other 
sequences necessary or prefmed for the apptapmtc transcription and subsequent 
translation of the nucleic acid sequence in host cells. It will be understood by 
those skilled in the art that the correct combination of required or preferred 
expression control elements will depend on the host system chosen, preferably a 
malhmalian system. It will further be understood that the expression vector should 
contain additional elements as necessary for the transfer and subsequent rq>lication 
of the expression vector containir^ the nucleic acid sequence in the host system. 
Examples of such elements include, but are limited to. origins of replication, 
splice/donor accquor sites, such as those associated with bovine growth hormone, 
and selectable markers. It will be further understood by one skilled in the art that 
sui^ble mammalian cell expression vectors, or portions thereof, are routinely ^ 
constructed by those having skill in the ait using conventional methods and known 
protocols in molecular biology (Ausubel et al. 1987. In Current Prptocols in 
Molecular Biotogy . John Wiley and Sons, New York, New York) or.are 
commercially available. 

As mentioned above, plasmid vectors may contain enhancer elements 
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to augment the amount of protein expressed intiacellularly. Such additional 
elements may enhance or increase the levels of antigen production or persistence, 
as well as the quality and amounts of antigenic protein expressed in mammalian 
cells, in paiticular. Examples of regulatory re^nse elements and enhancers that 
may be used in the DNA-based inrniunogen constructs of the invention inchide, but 
arc not limited to. immunoglobulin enhancers, glucocorticoid response element 
(GRE), estrogen response element (ERE), metallothionetn re^nse element 
(MR£), heat shock response element (HSRE), and CKfV intron A enhancer 
element (Ch^man, B.S., et al., 1991, Effect of intron A from human 
cytomegalovirus (Towne) immediate-early gene on heterologous expression in 
mammalian ceUs. Nuc. Acids Res. . 19:3979-3986). 
Disease Causing Apents 

The DNA-based vaccihaticm method of the invention is effective in 
treating or preventirig disease caused' by disease, causing ag^ts or a disease state, 
iitcluding cancers and tumon. Each^'disease causing agent 6t disease state 
frequently has associated with it an antigen or immunodomiriant q)itope on the 
antigen which is crucial in irnmuTi& recognition by a host, and the ultimate 
elimination or control of the disease causing agent in a mammal, sometinses 
referred to in the art as a protective antigen. The mammalian immune sy^em must 
come in contact with the antigen or immunodominant q)itope on the antigen in 
order to mount a humoral and/or cellular immune response against tlie associated 
disease causing agent or cancer. 

The nucleic acid-based immunogens of the invention comprises one 
or more isolated nucleic acid sequences encoding one or more isolated antigens or 
immunodominant q)itq)es on the antigens. The immunogen also preferably 
comprises one or more nucleic acid sequences encoding one or more cytokines ^ 
and/or one or more immunostimulatory molecules for the purpose of enhancing or 
augmenting the immune response against the disease causing agent or cancer. It is 
to be understood that a single piasmid or nucleic acid-based immunogen may 
contain the above-described nucleic acid sequences encoding one or more isolated 
antigens or immunodominant epitopes, along whh the nucleic acid sequences 
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encoding one or more cytokines and/or immunostimulatory molecules. 
Alternatively, more than one plasmid or combinations of plasmids may be used as 
DNA-based immunogens, for example, a plasmid comprising a nucleic acid 
sequence encoding one or more disease-causii^ antigens or an immunogenic 
portion thereof; a plasmid comprising a nucleic acid sequence encoding one or 
more cytokines; a plasmid comprising a nucleic acid sequence encoding 
immunostimulatory molecules, or mixtures thereof. These DNA immunogens may 
be delivered or administered to cells at the same time or at different times, as 
required or desired. 

Further, and as described herein, it is to be understood that one or 
more cytokines and/or immunostimulatory molecules may be administered to a 
subject, preferably systemically, before, during, or following, preferably following, 
vaccination or immunization with the DNA-based inununogen to enhance the 
immune, response to the disease pausing ag^t. ^uch .disease causing agents 
include., but are not limited to, cancers. of a variety of.types^ pathogenic 
microorganisms, parasites, viruses, or ^u^mnals. (and parts thereolf). Mammals 
include, but are not limited to, non-human primates, human^, rats, mice, guinea 
pigs, rabbits, horses, cows, sheep, pigs, grats, and the like. Cancers of mammals 
which may be treated usiiig the DNA-based immunodieiapy in accordance with the 
invention include, but axe not limited to, melanoma, carcinoma, metastases, 
adenocarcinoma, neuroblastoma, thymoma, lymphoma, sarcoma, hing cancer, liver 
cancer, colon cancer, non-Hodgkins lymphoma, Hodgkins lymphoma, leukemias, 
uterine cancer, breast canc^, prostate cancer, ovarian cancer, cervical cancer, 
bladder cancer, kidney cancer, pancreatic cancer, and the like. 

The term melanoma includes, but is noi limited to, melanomas, 
metastatic melanomas, melanomas tferived from either melanocytes or melanocyte- 
related nevus cells, melanocarctnomas, melanoepitheliomas, melanosarcomas, 
melanoma in sim, superficial spreading melanoma, rKxhilar melanoma, lentigo 
maligna melanoma, acral letitiginous nselanoma, invasive melanoma or familial 
atypical mole, and melanoma (FAM-M) syndrome. Such melanomas in mammals 
may be caused by chromosomal abnormalities, degenerative growth and 
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developmental disorders, mitogenic agents, ultraviolet radiation (UV), viral 
infectioDS, inappropriate tissue expression of a gene, alterations in expression of a 
gene, altered or abnormal presentation on a cell, or carcinogenic agents. 

The aforementioned cancers can be assessed or treated by the 
compositions and methods described herein. In the case of cancer, a gene 
encoding an antigen associated with the cancer (e.g., a TAA) comprises the 
plasmid DNA used for immunization, and preferably, in conjunction with a gene 
encodhig one or more cytokines. Genes encoding one or more immunostimulatory 
molecules may also be used for enhancement of the recipient's immune response. 
The antigen associated with the cancer may be expressed on the surface of a cancer 
cell or may be an internal antigen. Additionally, the internal amigen, or portions 
thereof, may eventually be expressed or di^layed on the cell surface. In one 
embodiment, the antigen associated with the cancer is a tumor associated antigen 
(TAA) or a portion thereof. Examples of TAAs that may be used in the invention 
include, but are not limited to, melanoma TAAs which 'ihblude', but are not limited 
to, MART-l (Kawakami et al. , 1994. J. Exp. Med. 180:347-352), MAGE-l , 
MAGB-3, GP-lOO, (Kawakami et al., 1994^ EmL NaCl. Acad. Sci. ILBJlu 
91:6458-6462), oncofetal antigens, CEA, TRP-1, P-15, the gpl60 and rev proteins 
of HIV-1, the Hi antigen of influenza, the circumsporozoite protein from malaria, 
nucleoprotein from LCMV (Fynan, E., et al. 199S. DNA vaccines: protective 
immunizations by parental, mucosal, and gene-gun inoculations. Proc. Natl. Acad. 
Sci. USA 90:11478; Wang, B., et al. 1993. Gene inoculation g^ierates immune 
response against human immunodeficiency vims type 1. Proc. Natl. Acad. Sci. 
USA 90:4156; Sedegah, M., et al. 1995. Protection against malaria by 
immunization whh plasmid DNA encoding circumsporozoite protein. Proc. Natl. 
Acad.^i. USA 91:9866; Pcdraza Martins, L,, « al. 1995, DNA vaccination 
against persistent viral infection. J. Virol. 69(4):2574; Zarozinski, C.C, et al. 
1995. Protective CTL-dq)endent immunhy and enhanced immunopathology in mice 
immunized by particle bombardment whh DNA encoding an imemal virion protein. 
J. Immunol. 154:4010-4017), and tyrosinase (Brichard et al., 1993, J. Exp. Med. 
178:489), and the like. 
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The nucleotide sequence of the MAGE-3 gene is disclosed in 
Gaugler et al., 1994, J. Exp. Med. 179:921-930. MAGE-3 is cxprtssea on many 
tumors of several types, such as melanoma, head and neck squamous cell 
carcinomas, lung carcinoma and breast carcinoma, but is not expressed in normal 
tissues, except for testes. The {proximately L6 kilobase (kb) cDNA of MART-1 
was cloned into a vector and the resulting ptasmid has been d^sited with the 
American Type Culture Collection (ATCC), 12301 Parklawn Drive, RockviUe, 
MD 20852 USA on April 14, 1994, and given ATCC Dqxisit Number 75738. 
The cloning of MART-1 is disclosed in Kawakami et al., 1994, J, Exp. Med. 
180:347-352 and in U.S. Serial No. 08/231,565, filed April 22, 1994. The fiiU 
length MART-1 nucleic acid sequence can be isolated from the pCRII plasmid by 
digestion with HindZI and Xhol restriction enzymes. This 1.6kb nucleic acid 
sequence, or poitions thereof, can be used in the DNA immunogens. as described 
herein along with a cytokine-enqoding gene or genes and/or with an 
immunostimulatoiy molecule-enqoding geoe or genes; 

In an embodiment of the invention, the, TAAs are CA-19-A 
0>ancreatic cancer), CA-125 (ovarian cancer), PSA Q)n>state cancer), ert>-2 (breast 
cancer), CA-171A and the like (Boon et al.. 1994, Ann. Rev. Immunol 12:337). 
However, the present invention is not intended to be limited to the genes encoding 
the above listed TAAs. Other TAAs, the nucleic acid of which, may be identified, 
isolated and cloned by methods known in the ait, such as those disclosed in U.S. 
Patent No. 4,514,5(^. 

As mentioned above, genes encoding an antigen of a disease causing 
agent in which the agent is a pathogenic microorganism in mammals may include 
viruses such as HIV (e.g., gpl20, pl7, gpI60 antigens), mfluenza (NP, HA and 
HI antigens), heq)es simplex (HSVdD antigen), human papilloma virus, equine^ 
encephalitis vims, hqiatitis (e.g., Hqiatitis B Surface Amigen or HBSAg; HAV; 
HCV; HEV) feline leukemia virus, canine distemper, rabies virus, and the like. 
Pathogenic bacteria include, but are not limited to, Chlamydia . Mvcobac^ep a^ 
Legioniella , and the like. Pathogem'c protozoans include, but are not limited to, 
malaria, Babesia . Schistosoma . Toxiplasma , Toxocar^ canis . and the like. 
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Pathogentc yeast include Aspergillus , invasive Candida , and the like. In a 
preferred embodiment, the pathogenic micioorganism is an intiaceliular oiganism 
that infects cdls. 

^nimunostimulatory Molecules: Cvtokines and Costimulatory/ Accessory Moleoilfty 

As described, one aspect of the invention includes a nucleic acid- 
based immunogen comprising a gene or genes encoding one or more 
costimuiatory/accessory molecule(s) and/or a gene or genes encoding one or more 
cytokine(s) in combination with a gene encoding an antigen, or an immunogenic 
portion thereof, from a disease causing agent for immunization by direct DNA 
delivery to cells, preferably by particle-mediated introduction into cells and tissue, 
most preferably by means of a gene gun device, and the like. Examples of 
costimulatoiy or inununostimulatoiy molecules include, but are not limited to, B7- 
1, B7-2i ICAM-1, ICAM-2, LFA-1, LFA-3, CD72 and the like. Examples of 
cytokines encompassed by tl^ present invention, include, but are not limited to, £L- 
1, IL-2, and IL-3 through lLr% IL-10, IL-II, IL-12, and ILrl3 through H^15, G- 
CSF, M-CSF, GM-CSF, TNFtf, IFNa,' IFNy, RANTBS (Related upon 
Activation, Normal T Bxptessod and presumably Secrected cytokines, Promega. 
GS661), and the like. Preferred cytokines include 0^-2, IL-6, IL-7, and 11^12. 
Examples of chemokines that may also be used in the present invention include, but 
are not limited to, CTAP HI, ENA-78. GRO, 1-309, PF-4, IP-10, LD-78, MBSA, 
MlP-la, MIP-IB, and the like. 

Costimulatory molecules of the B7 family (namely B7.], B7.2, and 
possibly B7.3) represent a more recently discovered, but important group of cell 
regulatory or immunostimulatoiy or accessory molecules. B7.1 and B7.2 are both 
memben of the Ig gene superfamily. These molecules are present on 
macrqphages, dendritic cells, and monocytes, i.e., antigen presenting cells (APC^. 
If a lymphocyte encounters an antigen alone, without costimulation by B7.1, it will 
respond with either anergy or apoptosis (programmed ceU death); if the 
costimulatory signal is provided, it will respond with clonal expansion against the 
target antigen. In general, no significant amplification of the immune response 
against a given antigen occurs without costimulation (June et al., 1994, 
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^mmnnnlo^v Todav 15:321-331; Chen « al.. 1994. Tni>nunPlggvTP<fclY » 4:483- 
486; Townsend et al. Science 259:368-370. Fteeman et al. (1989, Jmimol 
143:2714-2722) have itpoited the cloniiig and sequencing of the B7.1 gene. 
Azuma et al. (1993. Uma 366:76-79) have reported the cloning and sequencing 
of the B7.2 gene. 

In one embodiment the B7.1 gene is present in a plasmid immunogen 
comprising the gene encoding the 8-gal TAA under the control of the CMV 
promoter. The construct for B7.2 and B7. 1/B7.2 in conjunction with a tumor 
antigen is piepared in the same fashion as that for B7.1. In another embodiment 
the gene encoding a cytokine. e.g.. IL-12. is also present in the construct with the 
gene encoding B-gal and the gene encodings?. In another embodiment, discrete 

plasmids containing the gene encoding ft-gal, the gene encoding E^12, and the 
• gene encodings? are used in admixture as inununogtti and deUveied to the 

'5 Tepiderniisinthegenegun particlerme#iteddeliy«^ In another 

i 'embodiment, the gene encoding the TM (e.g:. B.-gal), is |teBvered as the DMA 
immunogen by a hand-held gene gun device and cytokine,-(e.g.».IH2) is provided 
as adjuvant thereafter by systemic intraperitoneal admini^ation. 

Hie present invention also encompasses methods of treatment or 
prcvenUon of a disease caused by the dikse causing agents disclosed herein. In 

the method of treatment, direct gene deBveiy. c.g., gene^gun administration, of the 
DNA immunogen of the invention may be either for prophylactic or therapeutic 
purposes. When provided prt^hylacticaUy. the immunogen of the invenUon is 
- provided in advance of any disease symptom, as a prophylactic vaccinaUon. Hie 
prophylactic administration of the nucleic acid-based immunogen serves to prevcm 
or ameliorate any subsequent infection or disease, including tumor growth. When 
provided therapeutically, the nucleic acid-based immunogen may be provided U the 
3° time of or some time after (preferably shortly after, e.g.. about one to five days, 
preferably two days after) the onset of a symptom of infection or disease, or the 
detennination or detection of a tumor. Hjus, the present invention may be 
provided either prior to the anticipated exposure to a disease-causing agent or after 
35 the initiation of the infection or disease or cancer or establishment of a tumor. 
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The genetic definition of tumor-associated antigens allows for the 
development of targeted antigen-associated vaccines for cancer therapy. A plasmid 
vaccine comprising one or more twnor antigen-encoding genes in combination with 
a cytokine and/or immunostimulaioiy molecule is a powerful system to elich a 
specific immune response in tenns of prevention in patient with an mcrcased risk 
of cancer development (preventive immunization), prevention of disease recurrence 
after primary suigery (anti-metastatic vaccination), or as a tool to expand the 
numt)er of CTL iQ vivo , thus improving the effectiveness in the eradication of 
diffuse tumors or infection (treatment or therapy of established disease). 
Moreover, the nucleic acid-based immunogens of the present invention can elicit an 
immune response in patients that is enhanced yivQ prior to being transferred 
hack to the tumor bearer (i.e., adoptive inrniunotherapy). 

The term "unit dose" as it pertains to the inoculum refen to 
physically discrete units suitable as unitary dosages for mammals, each unit 
containing a predetermined cptantity of plasmid or -nucleic acid inunundgen 
calculated to produce the desired immuiiogenic effect in association with the 
required diluent, carrier or excipient. The ^ifications for the novel unit dose of 
an inoculum of this invention are dictated by and are dq>endem upon the unique 
characteristics of the nucleic acid-based immunogen and the particular immunologic 
eff€fct(s) to be achieved. The inoculum is typically pr^xared as DNA precipitated 
onto gold particles as described herein, or in solution in a tolerable (acceptable) 
diluent such as saline, pho^hate-buffered saline or other physiolcigically tolerable 
diluent, and the like, to form an aqueous pharmaceutical composition or excipient. 

The route of inoculation is preferably epidermal, although 
intramuscular delivery may also be used. It wiU be appreciated that the 
intramuscular route is preferred for direct immunization. Other routes of ^ 
immunization include, but are not necessarily limited to, subcutaneous (s.c), 
intradennal (i.d.), intrastemal, intracranial, parenteral, and the like, to rcsuU in 
eliciting a protective or therapeutic response against the disease causing agent. The 
dose is administered at least once. Immunizations employing a direct gene delivery 
system, such as the gene gun, may be shot into sereral tissue types, including skin. 
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Uver, spleen, and muscle, for example. In humans, as will be s^reciated by the 
skilled practitioner, shots may be delivered in the abdomen, and also in the back, 
limbs (e.g., upper ann or leg (thigh)), trnttocks, or the cranium, as necessary or 
required. Subsequent boosting doses may be administered as indicated. In 
providing a mammal, preferably a human, with the nucleic acid-based immunogeo 
of the present invention, the dosage of administered immunogen will vary 
depending upon such factors as the mammal's age, weight, height, sex, general 
medical condition, previous medical history, disease progression, tumor burden, 
and the like. 

In general, it is desirable to provide the recipient mammal with a 
DNA immunogen in the range of from about 0.001 to about 100 /ig of DNA, and 
ntore preferably from about 0.01 to about 50 ftg, although a lower or higher dose 
may be administered dependiog upon the size- and body mass of the reciptm 
mammal. Each direct deliveiy shot from a g<me£un delivers 1 |cg of DNA; 
therefore, multiple inununizing shots will be given to^a recipient. F6r example, to 
immunize a mouse with about O.Ql to .10 ^g DNA, the animal recdves from about 
1 to 10 shots. For humans and non-human primates, about S to 25 ^g of DNA is a 
preferred range for ioununiacation, and more preferably about 10 to 20 ^g. 
Accordingly, for the latter more preferred quantity of DNA, an individual will 
recdve about 10 to 20 shots. Immunizations may be given about 2 to 25 times 
(average for humans, about 10-20 times; average for mice about 2-3 times) during 
a course of treatment, although the number of times may be modified as required 
by the dosage to be administered and as determined by treatment protoco](s). For 
administration as an adjuvant, a cytokine may be given two to five times, 
preferably three times, per day. The amount of cytokine administered each time 
may vary, depending upon the cytokine used; however, the amount and panuseters 
of administration for a given cytokine can be routinely determined by the skilled 
practitioner. For example, a typical high dose of 11^2 (e.g., rhIL-2) constitutes 
about 120,000 cetus units (cU)/kg administered three times per day, while a low 
dose of IL-2 constitutes about 12,000 cU/kg administered three times per day. 

The nucleic acid-based immunogen can be introduced into a mammal 
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either prior to any evidence of cancer, such as melanoma, or to mediate regression 
of the disease in a mamma] afflicted with a cancer, such as melanoma or 
genetically inherited cancers. In a most prefened embodiment, a hand-hdd helium 
powered gene gun device was used to achieve the intracellular delivery of DNArv 
coated gold particles to the epidermis. Following panicle-mediated deliveiy, the 
DNA redissolves in the aqueous environment of the cytoplasm or nucleus of cells 
and is then available for ej^ression. In a most preferred embodiment, q>idennal 
gene gun immunization of DNA appeared to be most efficient at eliciting humoral 
and cellular immune responses in the recipient. 

After immunization, the efficacy of the vaccine can be assessed by 
monitoring the production of antibodies or immune cells that recognize the antigen, 
as assessed by specific lytic activity or specific cytokine production or by tumor 
regression. Those having skill in the ait are familiar with the conventional 
methods used to assess the aforementioned parameters; If the mammal to be 
immunized is already afflicted with^cancer or nietastadc cai&er, the vaccine can 
adnitnistered in conjunction with/other then4)etjtic treatment^. 

In one method of treatment, autplogcms cytotoxic lymphocytes or 
rnmor infiltrating lymphocytes may be removed from the patieM with cancer as 
discbsed in U.S. Patent No. 5,126.132 and U.S. Patent No. 4,690,915. Ilie 
iyitl))hocytes are grown in culture and antigen specific lymphocytes are expanded 
by cultuiing with antigen or antigen bearing ceUs or by delivering the DNA 
constnicts of the invention to the cells. The antigen specific lymphocytes are then 
reinfiised back into the patient. 

The present invention also encompasses combination therapy. By 
combination therapy is meant that the DNA-based immunogen containing one or 
more genes encoding one or more antigens associated with one or more disease- ^ 
causing agents along with DNA encoding cytokine, and optionally, if desired, one 
or more genes encoding one or more immunostimulatory molecules is/are 
administered to the patient in combination with other exogenous immunomodulators 
or immunostimulatory molecules, chemotherapeutic drugs, antibiotics, antifungal 
drugs, antiviral drugs, and the like, alone or in combination. In one embodiment. 
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the combination therapy includes exogenous cytokines such as IL-2» IL-6, IL-7, 
and IL-12. In another embodiment, the combination therapy includes other 
exogenousiy added agents in addition to IL-2, IL-6, IL-7 or IL-12, or combinations 
theieof. such as cyclophosphamide, and cisplatin, gancyclovir. amphotericin B and 
the like. 

Another aspect of the invention is an antibody or antibodies elicited 
by immunization with the DNA-based immunogen the present invention. The 
antibody has specificity for and reacts with or binds to the antigen or epitope 
theieof, of inteiest. In this embodiment of the invention, the antibodies are 
monoclonal or polyclonal in origin. Exemplary antibody molecules are intact 
immunoglobulin molecules, substantially intact immunoglobulin molecules, or those 
portions of immunoglobulin molecules that contain the antigen binding site, 
including those portions of immunoglobulin molecules known in the art as F(ab), 
F(ab'); F(ab')2 and F(v). Polyclonal or imHp;lof^ .antibodies may be produced by 
methods conventionally known in the art, (Kohlo- and MilsUp, 1^3, Nature 256, 
495-497; Campbell "Monoclonal Antibody TechEiology, the Production and 
Characterization of Rodent and Human Hybjidoinas*' Burdon et al. (eds.), 1985, 
"Laboratory Techniques in Biochemistry and Molecular Biology," Volume 13, 
Hsevier Science Publishers, Amsterdam). The antibodies or antigen binding 
fra^ents may also be produced by genetic engineering. The technology for 
expression of both heavy and light chain genes in ^ is the subject of the PCT 
patent applications: publication numbers WO 901443 and WO 9014424, and in 
Huse et al., 1989. Science 246:1275-1281. 

In one embodiment, the antibodies are used in inununoassays to 
detect the novel antigen(s) of interest in biological samples. In another 
embodiment, MART-1 antibodies generated by immunization with the DNA ^ 
encoding MART-1 and the administration of cytokines, and, optionally, 
costimulatory molecules, are used to assess the presence of the MART-l antigen 
from a tissue biopsy of a mammal afflicted with melanoma, using 
immunocytochemistry. Such assessment of the delineation of the MART-] antigen 
in a diseased tissue can be used to prognose the progression of the disease or 
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caocer in a mammal afflicted with the disease or the efficacy of immunotherapy. 
ConventionaJ methods for immunohistocbemistry aie desciil3ed in Harlow and Lane 
(eds). 1988. In: Antihx)iics;,A lA)SQmm M^mm!, Cold Spring Hart)or Piess» 
ColrfJSpring Harbor, New York; and Ausbcl ct al. (eds). 1987. In: "Current 
Protocols In Molecular Bio!()gy", John Wiley and Sons. New York, New York. 
Additionally, the antitxxlies themselves are used for immunotherapy and in 
adoptive immunotherapy. 

In providing the antibodies or antigen binding fragments to a 
recipient mammal, preferably a human, the dosage of administered antibodies or 
antigen binding fragments will vary depending upon such factors as the roammal*s 
age, weight, height, sex, general medical condition, previous medical condition and 
the like. In general, it is desirable to provkle the recipient with a dosage of 
antibodies or antigen-binding fragments which is in the range of from about 1 
mg/Kg to about 10 mg/Kg of body weight of die mammal; although a lower or a 
'hig^ dose may be admiiiistered. The antibodies or antigen*binding fragments of 
the present invention are intemted to be provided to tKe recq)ient subject iii an 
amount sufficient to prev^, lessen, or attenuate the seventy, extent, or duration 
of the disease or infection. 

To enhance the function of DNA inununization for active 
immunotherapy, one or more cytokines is used as adjuvant. The cytokine(s) may 
be administered as DNA which is co-injected with DNA encoding the tumor or 
disease-associated antigen, or as an exogenous agent serving as adjuvant. In this 
way« cytokirses involved in the activation and expansron of lymphocyte populations 
may improve the therapeutic effects of the DNA-based immunization. 

In another aspect of the invention, immunizations were performed 
using a nucleic acid-based immunogen comprising an isolated nucleic acid sequet^ 
encoding a disease or cancer-associated antigen, e.g., a tumor associated antigen, 
using direct delivery of the nucleic acid to cells and tissues. The preferred mode 
of delivery of the nucleic acid-based immunogen is directly into cells and tissues 
using a mechanical delivery device such as a gene gun for the treatment of an 
established tumor or disease-causing agent or to prevent ll.e establishment of a 
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tumor or disease-causing agent. In paiticuhr, DNA-based immunization was 
successfully used to prime T lymphocytes reactive with tumor associated antigen 
prior to ex vivo expansion and adqstive immunother^y. 

In a particular aspect, a model system as described and exempUfied 
hereinbelow was employed to assess the efficacy of DNA-based immunization as a 
potential cancer treatment strategy. The model murine tumor was CT26, which 
expresses the tumor associated antigen (TAA), /?-galactosidase (P-gal); the /J-gal- 
expressing tumor is designated CT26.CL25 (see Example 1). The nucleic acid- 
based inununogen, comprising a plasmid expressing <J-gal (i.e.. pCMV/^-gal), was 
administered by panicle-mediated gene delivery to the epidennis using a hand-held, 
helium driven "gene gun* and induced e-gal-specifK antibody and lytic reqxmses. 
Immunization with this constnict prevented the growth of pulmonsoy metastatic 
tumor. In addition, the adoptive transfo- of splenocytes generated *y m mQ 
immunization of pCMV/^-gal and cultured in yiQS with the /J-ga^^M (SEQ ID 
NO: 1) immunodominant peptide induced the number of established pulmpnaiy 
nodules in recipient mammals. . To mihance the function of DNA Immunization for 
active immunotfaen^y, a panel of pytoloRes was added as adjuvants following DNA 
administration. The reduction in the number of established metastases was 
particularly significant when IL-2, IL6, ILp7 or IL-12 were given after DNA 
inoOilation, with IL-12 as an adjuvant having a most profound effect in the 
reduction of tumor bunfen. Thus, the invention embraces both the immunization of 
DNA immunogcns directly delivered mtraccUulariy, for example, by particle- 
mediated gene gun administration and the administration of cytokines for the 
activation and expansion of lymphocyte populations to improve the therapeutic 
effects of DNA immunization. Given the ease with which the plasmid DNA can 
beprepared to high purity for safe use in humans with infectious and pathogenic 
diseases and cancers, DNA immunization administered together with cytokine 
adjuvant, and optionally, costimulatory molecules, offers an attractive alternative to 
other types of vaccines, such as recombinant or attenuated viral vaccine 
preparations. 

The invention further provides the novel use of gene gun 
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immunization of nucleic acid-based immunogens for the prevention and treatment 
of cancer and pathogenic disease and/or infection. A piefened BspM is 
immunization by gene gun delivery of plasmid DNA encoding tumor associated 
antigen for the prevention and treatment of cancers and established tumors. 
Plasmid DNA delivered by particle-mediated delivery induced potent humoral and 
CTL lytic immune responses that likely afforded a protective immunity from tumor 
chaUengc (see Figs. 1 and 2A-2D). Other modes of DNA delivery, such as 
particle bombardment or direct intradermal or intramuscular inoculation of DNA, 
may also be suitable for use in the invention; however, the gene gun method offers 
potent and consistent antibody and CTL re^nses to antigen(s) using small 
quantities of nucleic acid as immunogen (e.g., as little as 0.1 fig to 0.01 pg of 
DNA). For modes of DNA immunogen delivery other than via a gene gun, for 
example, intramuscular injection, it will be appreciated that larger quantities of 
DNA may be required (e.g., at least 50 fig of more) and that muscle regeneration 
agents, such as bupivicaine, may be needed to facilitate the uptake and 
transcription of the intnxhtced DNA and thus inq>rove the immune reqxmses. 

With the gene gun particle (felivery technique, several genes 
encoding different molecules can be coated onto each gold bead, thus each 
bombarded cell can potentially elaborate more than one protein. Thus» the 
inv&tion also encompasses beads that are coated with DNA encoding immutke 
enhancing and regulating molecules, such as cytokines and costimulatory 
molecules, for immunomodulating, augmenting and unproving anti-tumor and anti- 
disease causing antigen immune effects. 

Those having skill in the art will appreciate that jS-gal, which is 
foreign to the immune system of recipient animals, is recognized as "non-selP, and 
the responses elicited by the exemplary pCMV/fi-pd constructs may be somewhat 
different from the responses induced by a "self antigen". However, a number of 
non-self antigens do bear similarities to some potemial tumor antigens such as viral 
antigens expressed in vitally-induced tumors, mutated tumor suf^ressor genes 
(Hollstein, M.. ct al., 1991, p53 mutations in human cancers. Science 253:49), 
fusion proteins resulting from translocations (Gribben, J.G., et al.. 1992, Bone 
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manows of non-Hodgkin's lymphoma patients with a bcl-2 translocation can be 
purged of polymerase chain reaction-detectable lymphoma cells using monoclonal 
antibodies and immunomagn^c bead depl^on. Blood 80:1083), frame-shifts, and 
loss of stop codons. As demonstrated heim, DNA encoding the foreign ft*ga] 
antigen administered via the gene gun technique in conjuncti(m with the effects of 
exogenously administered cytokines stimulated potent immune responses and 
protection in animals in vivo - 

In another of Its aq)ect5, the invention provides not only potent 
humoral and cellular immune refuses, but also therapeutic re^xmses such that 
established tumors were treated in active immunotherapy, as demonstrated by the 
observed impaa on tumor burden in a tumor bearing animal model system. This 
aspect of the invention was achieved by the use of one or more cytokines 
(particularly the interleukins, such as recombinant human interleukin-2 (rhILr2), 
recombinant murine interteukir>-6 (rmIL-6), recombinant human imerieukin-7 
(rhIL-7), and recombinant murine interleukin-12 (nnIL:12), administered following 
DNA administration. It will be aj^mnated that such cytokines and the DNA 
encoding the cytokines are commercially available. Examples of other 
immunstimulatoiy molecules suitable for combined use in the invention include, but 
are not limited to. TNF-a, IFN-y, G-CSF, GM-CSF, and IL-1 to 11^15. 

It is an beneficial advantage of the invention that active 
immunotherapeutic treatment was elicited when cytokines were utilized as adjuvants 
to DNA immunization. When a panel of cytokines was tested, IL-2, IL-6, IL-7 
and 11^12 were qi^imally able to enhance the therapeutic responses, with ILrl2 
having a most profound adjuvant effect. JLr2, IL-7 and IL-12 have all been 
fcpon&d to stimulate or activate T cdl populations as well as naniral killer (NK) 
cells. IL-12 also funaions to regulate inmiune reqxmses by directing a Th2 to a 
Thl phemrtype (Hsieh. CS., ct al., 1993, Development of ITil CD4+ T cells 
through IL-1 2 produced Listeria- induced macrophages. Science 260:547; Sypek, 
J.P., et al., 1993, Resolution of cutaneous Leishmaniasis: Interleukin 12 initiates a 
protective T helper Type 1 immune response. J. Exp. Med. 177:1797). IL^. 
known as B cell stimulatory factor-2, is a pleiotropic cytokine that can enhance 
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CTL function, NK activity, LAK and HL activity (Mul<5, J.J., et aJ. 1992. 
Cellular mechamsms of the antitumor activity of lecotnbinant IL-6 in mice. L 
Immunol. 148:2622; Tokai, Y., et al., 1988, B-cdl stimulatory factor-2 is involved 
in the differentiation of cytotoxic T lymphocytes. J. Immunol. 140:508). In 
addition, the above-mentioned cytokines have been rqwited to have anti-tumor 
effects when administered as single agent thei^y. However, the doses of the 
cytokines used in the present invention had little or no effect on the growth of 
CT26.CL25 cells. Some cytokines, such as GM-CSF, IFN-7, and IL-4, when 
adminstered alone in an adjuvant capacity, may not mediate tumor regression as 
effectively as other cytokines. The reasons for a lack of optimal effectiveness of 
some cytokines are proffered herein: IL^ may steer the T helper T cell population 
toward a Th2 phenotype re^xmsible for the enhancement of humoral responses, but 
not of cell mediated unmunity. IFN-7, which upregulates. the production of key 
molecules involved in antigen proc^sing and presentation of intracellular ahtigeas, 
may also have an antiproliferative ^ect on T ceils. For!cytokines to serve as 
effective adjuvants resulting in active treatment to'.mediate'tumor reduction in 
accordance with the present invention, they should function to cause the 
proliferation and activation of primed lymphocytes, paiticularty CTLs. However, 
increasing the concentrations of cytokines used, or employiiig combinations of 
different cytokines, including those mentioned above, may achieve an enhanced 
immune response against pathogenic diseases and cancer when used in conjuction 
with DNA-based immunization. 

In a related aspect, DNA encoding one or more cytokines may be 
contained in the plasmid DNA comprising the immunizing DNA encoding the 
tumor or pathogenic disease-associated antigen, or immunodominant portion 
thereof, and under the control of the same or a different promoter and/or - 
regulatory or control sequences. Further, DNA encoding one or more 
costimulatory agents may be contained m the plasmid DNA comprising the 
immunizing DNA encoding the tumor or pathogenic disease-associated antigen and 
under the control of the same or a different promoter or regulatory or control 
sequences. In this way, a mammal is immunized not only with DNA which 
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encodes proteins from the disease causing agent or tumor, but also with DNA 
whidi encodes molecules that stimulate the activation and proliferation of cytolytic 
T lymphocytes, which arc needed to reduce or OTdicaie the disease or tumor. TTic 
effect of antigen-specific DNA immunization using cytokine DNA (and/or 
costimulatoiy molecule DNA) is similar to another of the invention's aspects which 
includes tiie administration of exogenous cytokines as adjuvants (and/or the ex- 
administration of exogenous costimulatory molecules) following (or at Uie time oO 

DNA immunization. 

Cytokines as adjuvants may be administered by several modes and 
routes, such as parcntcrally, including intraperitoneal (i.p.), subcutaneous (s.c.), 
intradermal (i.d.). intramuscular (i.m.). intrathecal, and intrasteroal, for example. 
The cytokines are administered in a sterile solution or suspension, aich as sterile 
physiological saline or other injectable, aqueous liquids, or may be emuldfied in 
phaimaccutically- and physiol^gicaUy-accqJtablc aqueous or oleaginous vehicles, 
which may contain preservatives and material for rendering tiie solution or 
suspension isotonic with body fluids (e.g., bkxxl) of Uw recqricat, Excqiiciits 
suitable for use aie water, phospTiate buffered saline, pH 7.4, aqueous sodhtm 
chloride solution (0.15 M) dextrose, glycerol, dihite cthanol. and ti»e like, and 
mixtures thereof. If oral administration is desired or necessary, the composition, 
incrdding cytokine, may be presented as a draught in water orinasynip, in 
cq)sules, cachets, boluses, or tablets, as will be known to Ujosc having skiU in tiie 
ah. 

With regard to the safety of vaccination with nucleic acids, it 
has been shown to be difficult to induce antibodies against double-stranded DNA as 
immunogen (Van den Eynde, B., « al., 1991, The gene coding for a major tumor 
rejection antigen of tumor P815 is identical to the normal gene of syngeneic DBA/2 
mice. J. Exp. Med. 173:1373). In contrast, denatured single stranded DNA as an 
Immunogen has the ability to induce an anti-DNA antibody response which 
potentially could result in an autoimmune disease such as systemic lupus 
erytiiematosus. The present invention, which preferably comprises double stranded 
DNA as immunogen, promises to be safe and is not expected to generate adverse 
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antibody responses, but rather to result in the generation of heightened antibody 
and ceU*mediated responses that are ^leciAc for the disease causing antigens, as 
demonstrated by the experimental evidence herein. 

SXAMPLP S 

The following examples arc illustrative of the invention. They are 
presented to further facilitate an understanding of the inventive concepts and in no 
way are to be interpreted as limiting the scope of the present invention. 

EXAMPLE 1 

Example 1 describes the materials and methods en^loyed in the 
lufther examples presented in Examples 2-6 hereinbelow, 
l^imor Cell Lines and Animals 

The murine colon adenocarcinoma, CT26. WT, is a clone of the N- 
nitroso-N-roethylurethane induced BAIB/c (H-Z*^ undifferentiated colon carcinoma 
(lBrattin» M. G., et al., 1980, Establishment of mduse coioiiic carcinoma cell lines 
with different metastatic prqierties. Canoer Res. 40:2142). Following transduction 
with a retrovirus encoding the Lac Z gene, CT26JWT was subclohed to generate 
the p-gal-expressing cell line CT26.CL25 (Wang. M,, ct al.,.1995, Active 
immunotherapy of cancer with a nonrq)licating recombinant fow^x virus 
encodmg a model tumor-associated antigen. J. Immunol. IS4 (9):468S). All tumor 
cell lines were grown and maintained in compile medium (CM) containing RFMI 
1640» 10% heat inactivated PCS (both from Biofluids, Rockville, MD), 0.03% 
fresh L-glutamine. and 100 ftg/ml gentamicin sulfate. Crr26.CL2S was grown in 
the presence of 400 fig/ml (3418 ((ilBCO, Grand Island, N.Y.). Female BALB/c 
mice. 6-10 weeks old, were obtained from the Animal Production Colonies, 
Frederick Cancer Research Facility, National Institutes of Health (Frederick, MD). 
Fiasmid Preparation ^ 

A plasmid vector, called WRG 3033. which encodes the £^ Lac 
Z gene under the control of the human cytomegalovirus (CMV) intermediate-early 
promoter and designated pCMV/iJ-gal (Agracetus, Middleton. WI). It is to be 
understood that other similar and commercially-available plasmids containing the 
LacZ gene and suitable promoters, such as the CMV immediate-early promoter, 



PCT/US9OT0S7I 



-33- 

which is commercially available from Clontech, Palo Alto, CA) are appropriate for 
use in the DNA immunogens of the invention. Those having skill in the an aie 
able (o employ routine methods in the art to construct suitable plasmids for use in 
accordance with the invention. With particular regard to the construction of the 
above-mentioned pCMV/&-gal vector, suitable for mammalian use, the CMV-B* 
galactosidase portion of a CKfV/0-ga) plasmid obtained from Clontech was 
produced by digestion of the CMV/fi-gal plasmid with EcoRl and Hmdm, thereby 
creating a fragment containing the CMV promoter and the LacZ coding region. 
This fragment was ligated into the PGEM 4Zf vector, commercially available from 
Promega Corp., Madison, WI, which had been restricted with £;£:;e>Rl and Hmdni, 
Plasmids e^ressing either human growth hormone (pCMV/hGH) (provided by 
Agracetus, Middieton, WI or constructed ei^ploying commercially available or 
IHibiished nucleic acid sequences) or the nuclec^rotein from influenza A 
|CA/PR/8/34) (pCMV/NP) under the control ..of the CMV intermediale-eaily 
promoter were used as control vectors. .As^wiU be ap|»ient Jo those skilled. in the 
art, the control plasmid vectors are ccmstxucted usiiig nHitine, methods and ratted 
nucleic acid sequence information for hGH and influeica A ^fP, for example. 
Constructs were transformed into £^ ^ DH5 alpha competent cells (GIBCO/BRL, 
RockvUle, MD) and grown in I^broth supplemented lo contain 100 |ig/ml 
am^cillin as described (Sambrook. J., et al., 1989, Molecular Cloning: A 
Laboratory Manual . 2 ed. Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y.). Closed circular plasmid DNA was isolated using Wizard 
Maxipreps DNA purification kits (Promega Corp., Madison, WI). Tb& 260/280 
ratios ranged from 1.8 to 2.0. 
Prides 

V The synthetic peptide i^-gal,;^, TPHPARIGL, (S£Q ID NO: 1)^ 

representing the naturally processed H-2 L' restricted epitope sparuiing amino acids 
876-884 of iS-gal (Gavin, M. A., et al.» 1993, Alkali hydrolysis of recombmant 
proteins allows for the rapid identification of class I MHC-restricted CTTL q)itopes. 
J. Immunol. 151:3971) and the influenza NP,„.„j pq)tide, TYQRTRALV (SEQ ID 
NO: 2) , presented by H-2IC* were synthesized by Peptide Technologies 
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(Washington, DC) to a purity of greater than 99% as assessed by HPLC and amino 
acid analyds. 

Gene Gun Deliveiy of DNA 

Plasmid DNA was affixed to gold panicles by adding 10-50 mg of 
0.95 fLtn gold powder (Agracetus, Middleton, WI) to 1.5 mi centrifuge tubes 
comaining 100 ^1 of 0.1 M ^rmidine (Sigma Chemical Co., St. Louis, MO). 
Plasmid DNA and gold were coprecq)itated by the addition of 200 of 2.5 M 
CaCl, during vortex mixing as previously described (Fuller, D.H., ^ al., 1995, A 
qualitative piogiession in HIV type 1 glycoprotein 120-specific cytotoxic cdlular 
and humoral immune response in mice receiving a DNA-based glycoprotein 120 
vaccine. Mpg ygg, Btityi, B^mk^ 10 (11): 1433). After ^tiling for ten minutes, 
the precipitate was washed with absolute ethanol to remove HjO and lesuspended 
at either 3.5 mg gold/ml or 7.0 mg/ml of ethanol that resulted in 0.25 mg or 0.5 
mg of gold particles per shot, respectively. While the am^nint bf gold per shot 
leinained constant, the total amcnint of DNA per shot irang^ frooi 0.001 - 1.0 
^g/shbt. Animals were anesthetized with 200 ^1 of a 9% solution of sodiutn 
pentobarbital while abdominal areas were shaved. DNA coated gold paiticEes were 
delivered Into abdominal epidermis using the hand-held, helium driven device 
AcceU* gene <teUvcry system (Agiaoetus, Middleton, WI, and conuneroially 
available from BioRad, Hercules, CA). Each animal received 2-10 non- 
overlai^ing deliveries per immunization (as designated below), at a pressure of 400 
psi of helium. 

Enzyme linked Immunosorbant Assay (EUSA) 

BALB/c mice were immunized two times at two week intervals with 
O.OOM ,0 /ig of cither pCMV/jJ-gal or pCMV/NP using the gene gun. Serum 
samplef were collected two weeks following the second immunization and analyzed 
for the presence of ami-/}-gal antibodies by ELISA. Specifically, microtiter plates 
were dried overnight at 3VC in a non-humidifled incubator with 200 ng/well/50 
of either purified ^-gal or control antigen, ovalbumin (both obtained from Sigma 
Chemical Company, St. Louis, MO). One hundred fi\ of 5% bovine serum 
albumin (BSA) in PBS were incubated on each well for I hour to prevent 
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nonspeciftc Ab binding. This was followed by a second 1 hour incubation with 50 
ft\ of five-fold dilutions (staiting at 1:100) of test sera or control anti-J?-gal murine 
mAb (stalling at lOOng/50/iI). After washing with I % BSA in PBS, horseradish 
peroxidase conjugated sheep anti-mouse IgG F(ab)'3 fragments (1:3000) 
(Amersham International, Amersham, UK) were added for 1 hour at 37*^0 to detect 
antibodies immobilized on the wells. The resulting complex was detected by the 
chromogen, o-phenylenediazamine (Sigma Chemical Company, St. Louis, MO). 
Absoihance was read on a Titertek Multi&kan Plus reader (Flow Laboratories, 
McLean, VA) using a 490 nm filter. Concentrations of /9-gal-specific antibody in 
serum samples were estimated from the mAb standard curve and expressed as 
Mg/ml. 

£fredor Ceils 

Primary lymphpcyte pqxijations were gen^ed by immunization 
. with different amounts of purified. pCMV/iS-ga] or control pCMVfl^. Secondaiy 
m vitrq effector populations were, generated by harvesting spleens of niice 14 days 
after immunization and ctdturing single ceUiSu^sensions^of spl^oocytes.inT-75 
.flasks (Nunc, Roskilde, I>etmmk);al a density of 3.0 x lO' ceUs/nU with 1 fig/ml . 
antigenic peptide at a total volume of 30 ml of CM containing 0.1 mM nonessential 
amino acids, 1.0 mM sodhmi pyiwate (both finom Biofhiids) and 5 x 1(HM 2- 
meitaptoethanol (GIBCO BRL, Rockvilte, MD) in the absence of IL-2. Six days 
later, splenocytes were harvested and washed in CM before testing in a ^'Cr release 
assay or for transfer to tumor bearing animals. 
*'Cr release assay 

Six hour "Cr release assays were performed as previously descnbed 
(Restifo, N.P., ^ al., 1993, Identification of human cancen deficient in antigen 
processing, J. Exp. Med. 177:265). Briefly, 2 x 10^ target cells were incubated in 
0.2 ml of CM labeled with 200 nCi of Na''Cr04 for 90 minutes. Peptide |mlsed 
CT26.WT were incubated with 1 fi$/m\ (approximately 1 fiM) of antigenic pq)tide 
during labeling as previously described (Restifo, N.P., et al., 1991, Defective 
presentation of endogenous antigens by a murine sarcoma: Implications for the 
failure of an anti-tumor immune response. J. Immunol. 147:1453). Target cells 
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were then mixed with effector cells for six hours at 37*'C at the effeaor to targ^ 
ratios indicated (Fig* 2A-2D). The amount of "Cr released was detennined by y 
(gamma) counting and the percentage Qf q)ecific lysis was calculated as follows: 
% Specific lysis - [(e;q9erimental cpm - spontaneous q)m)/(maxuna] cpm - 
spontaneous cpm)] x 100. 
In vivo protection studies 

For in vivo prevention studies, mice were immunized with different 
amounts of pCMV//?-gal or with either control pCMV/hGH or pCMV/NP. 
Fouiteen days lat^, mice were challenged i.v. with 2 x lO' tumor cells (Muld, 
J.J.» et al., 1987, Identification of cellular mechanisms operational in vivo during 
the regression of establistol pubnonary metastases by the systemic administration 
of highnbse recombinant interleuldn-2. }. Immunol. 139:285). Mice were 
sacrificed on day 17 and randomized before counting lung metastases in a blinded 

^hion as previously described G^^- 
Adoptive ImmuDotherapy experiments 

' BALB/c noice weife infected i.v- with 2 x 10* CT26.WT 0?-gal -).or 

CT26.CL2S 03-gal +) cultured tumor cells m 015 ml 6f HESS to induce 
pulmoiory metastases. On day three, tumor bearing mice were treated with an t.v. 
injection of various effector cells at 5 x 10^ cells/dose. Specifically, for the 
generation of effector cells, mice were immunized with 1 it% of pCMV/^-gal or 
pCMV/NP. Each mouse received two 0.25 mg shots of gold loaded with 0.5 /eg 
DNA. Two weeks later, ^lenocytes were harvested and cultured for sU days in 
CM plus S X 10*^ M 2-mercaptoethano], 0.1 mM non-essential amino acids and 1.0 
mM sodium pyruvate with 1 /tg/ml of either P-gaWw (SEQ ID NO: I) or NP,4,,i5j 
(SEQ ID N0:2) synthetic pq)tide. On day 17 after tumor injection, mice were 
killed ^ pulmonary metastases were enumerated in a coded blinded fashion.- ^ 
When metastases exceeded 250, they were deemed too numerous to count. 
Id treatment studies 

BALB/c mice were challenged with 5 x 10* CT26.WTor 
CT26.CL25 tumor cells i.v, to esublish pubnonary metastases. On day 2, mice 
were immunized with 10 ^g of either pCMV//J-gal, pCMV/NP DNA or no DNA. 
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Each mouse received ten non-overlapping shots of gold (0.5 mg each) delivering 1 
fig of DNA. On day 12, the mice were killed and metastatic lung modules were 
enumeiated in a randomized, blinded manner. As a positive control, a group of 
mice was included that received a recombinant vaccinia vims encoding /3-gal 
(VJS6) plus the exogenous administratioa of the cytokine IL-2 (IS,O0OU, BED, for 
5 days) as previously raited (Bronte, V., et al., 199S, 11^2 enhances the function 
of recombinant poxvirus-based vaccines in the treatment of established puhnonary 
metastases. J. Immunol. 154 (10):5282). 

Intraperitoneal treatments of various cytokines began 18-24 hours 
following DNA administration and continued daily for 3-7 days dq^ending on the 
cytokine. Specifically, one group of nuce received 15,(XX) cetus units of 
recombinant human IL-2 (rfall^2) twice daily (BSD) for five days (Chiron Corp., 
.Emeryville, CA) (QadO- A second group of mice received treatments of 0.5 fig of 
recombinant mouse ILr6, BID,. for three days (Pqnotech, Inc., Rocky Hill, NT). 
A third group received 5 fig of.ttiIL-7 for seven days (Peprotech, Inc., Rocky Hill, 
.NJ). A fourth group received 1.0 fig of nnILrl2 once c^y (QD) for five days 
(Genetics. Institute, Boston, MA). In a screening e3q)eriinent of many cytc^dnes, 
rmID4 (5/*g, BID, 7 days), rmlHO (1.0 fig, QD, 7 days), and GM-CSF (1.0 /ig, 
QD, 5 days) were also assayed for adjuvant activity (Pq)rotech, Rocky Hill, NJ). 
Th^ parameters were determined from previous reports demonstrating anti-tumor 
immune re^nses from their exogenous administration (Jicha, D. L., et al., 1991, 
Intcrleukin 7 generates antitumor cytotoxic T lymphocytes against murine sarcomas 
with eificacy in cellular adoptive immunotherapy. J. Exp. Med. 174:1511; 
Komschlies, K. L,, et al., 1994, Administration of recombinant human IL-7 to 
mice alters the composition of B-lxneage cells and T cell subsets, enhances T cell 
ftinistion, and induces regress of established metastases. J. Immunol. 153:5776;^ 
Mul^, J.J., et al., 1992, (Cellular mechanisms of the antitumor activity of 
recombinant IL-6 in mice. J. Immunol. 148:2622; Bninda, M.J., et al., 1993, 
Antitumor and antimetastatic activity of interteukin 12 against murine tumors. L 
Exp. Med. 178:1223; Hill, A.D., et al.. 1993, Granulocyte-macrophage colony- 
stimulating factor inhibits tumor growth. Br. y. Surg. 80 (J2):1542; and Tqjp, 
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M.S*, et al. 1993. Recombinant human interieukin-4 inhibits growth of some 
human lung tumor cell lines m vitro and m vivQ » Blood 82:2837). These doses of 
cytokine alone were shown to have little or no effect on the growth of CT26.WT 
or of CT26.CL2S. 
Statistical analy^ 

Because lungs that contained >250 pulmonary metastases were 
deemed too numerous to count, the data do not follow a normal distribution. 
Thus, stati^cal evaluation of the data was performed using the non-parametric two 
tailed Kiuskal-Wallis test. 

EXAMPLE! 

DNA-based vacdnes dtcit antigen spectfic htunoral and cellular inununity 

To demonstrate the induction of antigen-specific humoral immunity 
using a DNA-based vaccine, mice were immunized with a plasmid cDNA encoding 
thh model TAA 0-gal Q)CMV/i3*gal). Mice, immunized and boosted with gold 
particles coated with as little as O.Olftg of pCMV/iS-gal deyclopcd ^-gal specific 
antibody responses (Fig. 1). In con&ast, gold particles coated with 1.0 fig of the 
cdtool plasmid pCMV/NP failed to' dicit a j|?-gal specific antibody response. In 
addition, no reactivity was (Aiserved against a control antigen, ovalbumin, 
confirming the specificity of the humoral inmsune re^xmse. 

To assess whether a CTL response was elicited against /3-gal 
expressed by DNA immunization, BALB/c mice were inoculated one time with 
varying quantities of pCMV//J-gal or amtrol vector, pCMV/NP. Splenocytes from 
mice diat were injected with as little as 0.1 /<g of pCMV/i}-gal and then 
restimulated io vitro with the 0-gal,7^ (SEQ ID N0:1) pq)tide lysed the /3-gal 
transfected tumor cells, CT26.CL25 (Fig. 2A-2D). 0126. WT cells pulsed with 
the immunodominant peptide JJ-gal^MM (SEQ ID NO:!) was also recognized bytte 
pCMV//9-gal immune splenocytes generated with at little as 0.01 fig of DNA. 
Pulsed cells in this case appeared to be more sensitive to lytic ceUs than the 
transfected cells, CT26.CL25. Unpulsed CT26,WT cells were not significantly 
lysed, thus demonstrating the specificity of the lytic response. Splenocytes derived 
from mice immunized with pCMV/NP and cultured in vitro in a manner identical 
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to thai described above failed to lyse CT26.WT» CT26.WT pulsed with the /J- 
gal«76.w pqJtide (SEQ ID N0:1), or CT26.CL25. Together, these data indicated 
that DNA administered with the gene gun was able to elicit specific humoral and 
TcD$^ cellular immunity against the model tumor antigen, /}-gal. 

EXAMPLES 

Prophytactk DNA vaccine protects mice from intravenous tumor challenge 
To determine whether humoral and cdlular responses observed in 
vitro correlated with in vivo antitumor activity, mice were immunized with the 
DNA vaccines of the invention and a^yed for the growth of a subsequent 
intravenous nimor challenge. Only the mice that had received pCMV//5-gal as 
immunogen showed significant respcmses when compared with the mice that were 
inoculated with control DNA (Fig. 3). In pooled resuhs from three experiments, 
viitually complete protection was observed with 1 .0 ;ig of pCKfV/p-gal 
immunogen; 19 out of 20 pairs :df lungs torn immunized mice were devoid of any 
detectable tumor. At a 10-fold lower dose, 16 out cf: 20 pain of kings were 
completely free of disease. With a dose of 0;01 /ig 6f DNA immunized, the 
protective effects began to wanci with only 6 out of 20 mice remaining disease 
free. These results correlated with decreasing amounts of antibody and CTL 
activity observed in mice that recdved 0.01 fig of DNA (Figs. 1 and 2A-2D). In 
addition, mice immunized with pCMV/^-gal DNA immunogen and then challenged 
with i3-gal n^gative-CT26.WT were not protected from tumor growth (Rg. 3). 
Therefore, these results indicate that the protection from tiimor following gene gun 
inoculation of DNA encoding a TAA is antigen specific, both at the level of the 
immunizing plasmid DNA and at the level of antigen expression by the tumor. 

EXAMFLE4 

Adoptive transfer of splenocytes genmted using a DNA vacdne mediated fiie 
reduction of establidied puknonaiy m^astases 

To ascertain wb^er the effector ceils elicited by gene gun 

immunization were active in in vivo adoptive immunotherapy, a three-day lung 

meuistasis model was used (Mul6, J.J., et al, 1987, Identification of cellular 

mechanisms operational in vivo during the regression of established pulmonary 
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metastases by the systemic administration of high-dose recombinant interleukin-2. 
J. Immunol. 139:285). In these experiments, BALB/c mice were given i.v. 
injections with cither CT26.CL25 OJ-gal +) or 0126. WT (p-gal -) tumor cells. 
On day three, tumor bearing mice were treated with spienocytes from donor mice 
that had recdved gene gun immunization with either pCMV//?-gal DNA as 
immunogen or pCMV/NP DNA as immunogen, and then subsequent gx vivo 
incubation of the cells with either /S-galn^u* (SEQ ID N0:1) or control NP|47.,35 
(SEQ ID N0:2) pe^dde. 

Effector cells generated from mice immunized with pCMV/jff-gal and 
cutnired with /^-gal^Mi (SBQ N0:1) peptide completely cleared the lungs of 
mice bearing 3 day old pulmonary m^astases (Fig. 4). By contrast, lungs from 
CT26.CL25 bearing mice that received either no spienocytes, ^lenocytes from 
pCMV/0-ga] immunized mice stimulated with the inelevant synthetic peptide, 
-^^m.uj (SEQ ID KO:2), or splenoeytes from pCMV/NP iihm'unized mioe 
-stimulated with the |9-ga]«7o^ (SEQ ID NO:])-pq)tide conned >250 inihnbnaiy 
metastases. In addition, the spienocytes induced by pCMV/0-gal DNA and 
stimulated with /3-galt7^ (SEQ ID N0:1) pepdde were not effective at eliminating 
metastases in mice bearing the antigen-negative tumor, CT26.WT (Ftg. 4), thus 
demonstrating the in yiyfi specificity for the /}-gal antigen. Similar results were 
obstrved in a rqpeat experiment. Thus, the induction of immune spienocytes for 
adc^ve transfer was antigen speciRc, and the therapeutic activity of these cells 
was q>eciric for antigen expression by the tumor. The preventive and therapeutic 
implications of this anmxich are clear, since this strategy involved not only the 
prevention of disease, but also the treatment of established metastases. 

Gene inununlzation of DNA alone assessed for specific immunotherapy of 
established pulmonary metastases 

Mice bearing two day established pulmonary metastases were 

immunized with pCMV/0-gal to evaluate the ability of gene gun immunization of 

DNA to generate active specific therapeutic responses. When tumor bearing mice 

were given up to lO/xg of DNA utilizing the gene gun, no impact on tumor burden 
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was observed. Tumor bearing mice also were not treated when lOO/ig.of DNA 
was administered intramuscularly. A control recombinant vaccinia virus. VJS6, 
followed by rhILr2 administration did diminish &e number of nodules to an 
average of 83 m«astases per lung, as previously observed (Bronte, V., et al., 
5 1995, IL-2 enhances the function of recombinant poxvirus-based vaccines in the 
treatment of established pulmonary metastases, f. Immunol. 154 (10):5282). One 
out of seven independent experiments using gene gun immunization alone in the 
absence of cytokine administration to treat esUblished puhnonary metasUses 
yielded a reduction in tumor growth (Fig. 6). It is possible that higher amounts of 
DNA immunogen (i.e., >100Atg) reduce tumor burden, in the absence of cytokine 
co-administration following inoculation with immunogen. 

EXAMHJE6 

Cytokine administratioo foUowing DNA tracdne leads to treatment of 

15 established pulmonary m et astases 

Several cytokines, knowp to have different immune regulatb^ 
effects, have been reported to have antitwnor activity as a single agent ther^y 
(Komschlies, K.L., ct al., 1994, Administratioii of recombinant human IL-7 to 

2^ mice alters the composition of B-lineage cells and T ceU subsets, enhances T cell 
fiucdon, and induces regress of established metastases. IvmmA^ 153:5776; 
Mul^, J.J.. et al., 1992, Cellular mechanisms of the antitumor activity of 
recombinant 11^6 m mice. J. Immunol. 148:2622; Brunda. M.J., et al.. 1993, 
Antitumor and antim^asUtic activity of interleukin 12 against murine mmors. L 

^ Exp. Med. 178:1223; and Tahara, H., et al., 1995, Antitumor effects of 

interleukin-12 (IH2): applications for the immunotherapy and gene therapy of 
cancer. Gene Ther. 2(2):96), as well as serving as adjuvant to standard ther^y 
(Kpmschlies, K.L., al., 1994, Administration of recombinant human IL-7 ^ 

30 mice altere the composition of B-lineage cells and T cell subsets, enhances T cell 
function, and induces r^ress of established metastases, Immunol. 153:5776; 
Takaisuki, F., et al., 1988. Human IL-6/B cell stimulatory factor-2 augmems 
murine antigen-specific antibody responses in vjiis and is 2^2^. h Immynol, 
141:3072; Afonso, L.C., et al., 1994. The adjuvant effect of interleukin- 12 In a 
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vaccine against Leishmania major. Science 263(5 144):235; and Noguchi, Y., et al„ 
1995, Influence of interleukln 12 on p53 pqitlde vaccination against established 
Meth A sarcoma. Proc, Natl. Acad. Sci. USA 92:2219). For example, ihll^2, 
rmIL-6 and riiIL-7 have been reported to activate or proliferate antigen-spedfic 
CTL populations (Mul£, J.J., et al., 1992, Cellular mechanisms of the antitumor 
activity of recombinant IL-6 in mice. J. Immunol. 148:2622; Jicha, D.L., et al., 
1991, Interleukin 7 generates antitumor cytotoxic T lymphocytes against murine 
sarcomas with efficacy in cellular adoptive immunotherapy. J. Exp. Med. 
174:151 1). GM-CSF promotes the differentiation of hematqxHetic precursors to 
dendritic cells that function to present antigen to prime naive lymphocytes (Inaba, 
K., et al., 1992, Generation of large numbers of dendritic cells from mouse bone 
marrow cultures supplemented with granulocyte/macrophage colony-stimulating 
factor. J. Exp. Med. 176:1693). rTOlL-12, rmIL-4 znd rmll^lO have been showii 
to direct T helper populations to different thl 6t Th2 phenotypes resulting in shifts 
to eitiier humoral or cell mediated responses, respectively (Mehrona, P.T. , et al., 
1993, Effects of 11^12 on the g^sneration of cytotoxic actiyity on human CD8+ T 
lymphocytes. I MmmU 151 <5):2444; Hsidj, C.S., et al., 11993, Dcvelcpraent of 
Thl CD44- T ceils through 11^12 produced Listeria-induced macrophages. Science 
260:547; Bertagnolli, M.M., et al., 1992, IL-12 augments antigen-dependent 
profiferation of activated T lymphocytes. J. Immunol. 149:3778; Sypek, J.P., et 
al., 1993, Resolution of cutaneous Leishmaniasis: Interieukin 12 initiates a 
protective T helper Type 1 immune response. J, Exp. Med^ 177:1797). A 
screening assay was performed to d^ermine whetiier various cytokines acted as 
adjuvants to DNA vaccination to induce active specific immunotherapy. In these 
experiments, tumor bearing mice immunized on day 2 with pCMV//?-gal or 
unimmunized were treated 18*24 boun later with either rhIL-2, rmILr4, TtnSLr6, ^ 
rhIL-7, rmIL-10, rmIL-12 or rmOM-CSF administered exogenously. From this 
screening assay, rhIL-2, imIL-6, ihIL-7 and nnIL-12 were found to specifically 
and optimally induce antigen*speciflc active immunotherapy. 

Fig. 5 illustrates the average number of pulmonary metastases on 
day 12 following tumor challenge for those mice that received the DNA vaccine 
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followed by either rhIL-2, nnIL-6 or rhlL-? administralion. Fig. 5 r^resenU Ihe 
pooled averages of two separate experiments performed using the same protocol. 
Mice that were injected with pCMV//3-gal DNA immunogeo alone demonstrated no 
significant reduction in the number of metastases (215), compared with control 
non-immunized mice (>250). The groups of mice that received pCMV//?-gal 
administration plus the individual cytokines rhIL-2, nnIL-6 or rhll^7 all 
demonstrated a significant reduction in the number of metastases compared with 
cither cytokine alone (all >250. P2=0.001, pj=0.003 and pj^O.OXB. 
respectively), /?-gal alone (>250. p,=0.003. p3=0.0003 and p,=0.001, 
respectively. 

In an extensive experiment particularly evaluating the effects of IL- 
12 as adjuvant, mice treated Ommunized) with pCMV/0-gal DNA alone showed a 
y slight but significant rtducticm in the number of pulmonary metastases, compared 
: 5 P ;/with the group that recdved pCMV/NP (Fig. 6; i.e„ 1$1 compared with 239, 
y^"^' ' ' .Pj=0.016). This result was observed in one aqierimcnt out of seven esq^eriments 

* 7^ : performed. rmIL-12 used alone demonstrated only a nibdest reduction in the 
r .\ tumor burden with an average of ;177±45 m^astatic nodules (meCs) compared with 
20 > 250 in the untreated groiqi. However^ a dramatic reduction was observed using 
the combination of pCKfV/jS-gal DNA and rmIL^12 (an average of ^±2.5 mets) 
(Fij. 6). This was significam compared with groups that recdved pCMV//J-gal 
DNA alone (p,-0.012), nnIL-12 alone (p,=0.002), and pCMV/NPplus rniII^12 
(P3='0.0O8). pCMV/0-gal resulted in a significant reduction in tumor burden even 
with lower doses of rmIL-12. Doses of 0.3 and 0. 1 fig of rmII^12 were also able 
to diminish the tumor t»irclen to 17±3.8 and 32±9.2 metastases, respectively. 
These results were significant compared with controls, i.e., pCMV/iJ-gal alone 
(P2'^0.036 and p2=0.036, req)ectively) and rmIL-I2 alone (p2=0.002 and ^ 
P2 =0.004, req)ectively). Therefore, when rmIL-12 is administered as an adjuvant 
with pCMV/^-gal DNA, lower doses of nnIL-12 can be given and therapeutic 
effects are still observed. This kind of active treatment experiment using IL-12 as 
an adjuvant to DNA immunization has been repeated three times with similar 
35 findings. Together, these studies show that cytokines IL-2. IL-6, 11^7 and TL-2, 
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given individually and in combination with pCNfV/i?-gal, provide antigen ^lecific 
reduction in tumor burden. It is also envisioned that combinations of the diffcTBOt 
cytokines (or one or more) will be useful in reducing disease and tumors m an 
antigen-specific mann^. 

EXAMPLE? 

Ginical protocol for Phase VU trials in patients with metastatic melanoma for 
nucleic add-based immunization with DNA encoding MART-1 and cytokine 
administered as adljuvsuit 

In this protocol, patients with advanced melanoma are immunized 
against MART-1, an immunodominant protein from a cancer antigen, in 
conjunction with cytokine as adjuvant as described herein. In addition, 
costimulatory/accessory molecules, such as B7-1, also as described herein, may be 
used in combination with DNA- immunization and cytokine administration. 
Patient eligibility Amoqg other criteria^ patients must have evidence of measurable 
6t evaluable metastatic melanoma that has fadled standard^ efTective therapy. 
Patients must have tumors that express the MAHT-l antigen as evidenced by PGR 
oY Norihem Blc^ analysis of tumor cell RNA. • ' 

Vaccine/Immunopen preparation The DNA-based vacdne/immunpgen used in this 
protocol is a PUC-l-based plasmid containing the gene coding for the MART-1 
protein under the control of the CMV promoter, and also having the CMV intron 
A enhancer region and q>lice donor/acceptor sites. The DNA-based immunogen is 
produced in a Food and Drug Administration (FDA) approved facility for the 
manufacture of GMP grade clinical material. 

Vaccination procedure The DNA for vaccination will be precipitated onto gold 
pellets which are coated and dried onto the interior of Teflon mbing (e.g., Teszel 
Tubing. 1/8 inches OD; 3/32 inches ID; McMasiers Carr). Approximatdy half- * 
inch pieces of the gold-coated tubing are used as "bullets". Within each bullet is 
approximately 0.25 to O.S mg of gold which carries from 0.001 ^g to as much as I 
>tg of DNA. The size of the gold pdlets are determined according to need and use 
and can range from about 0.95 microns to about 1 to 3 microns. 
Method of vaccination and treatment plan The method of vacdnation and 
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treatment plan are summarized as follows: 

1. Melanoma patients receive epidennal immunization with 
plasmid cDNA encoding MART-I driven by the CMV promoter as described 
above and proved by the FDA. Patients receive three successive immunizations, 
each separated by three to four weeks with the same dose of DNA. Cohorts of 
patents arc treated at each dose. Patients will be observed for 24 hours after 
immunization. Body temperature wiD be measured at 12 hours and at 24 hours and 
any adverse reactions noted. 

2. The dose escalation scliedule for the MART-1 DNA 
immunization Otg DNA) is approximately as follows: 

1. 0.4 ;ig 

2. 2.0 fig 

3. 10 MS 

^' ^^^^ 

3. The adjuvant cytokine-.is aidministered 18 to 24 hours 
following DNA vaccination. * » 

4. Doses of 0.001-1 0 /ig well tolerated .by a 20 gram mouse 
and are thus l/30000of the dose by weight tolerated by mice. Patients are 
caieMy evaluated for toxicity. When three patients at each dose level have been 
followed for at least two weeks after the first immunization without achieving 
grade m or IV toxicity, not easily reversible by standard measures, then the dose 
in that patient category will be escalated to the next dose level. Patients are also 
monitored for anti-DNA amibodies. In addition, cells at the site of injection are 
assayed for pcHential DNA integration, a potential problem, but one that has not 
previously been observed in the mouse model system when DNA was directly 
injected into muscle. Expected accniel is 15-20 patients a year. 

- 5. At the MTD of DNA vaccination, three patients are 

vaccinated with DNA immunogen, followed by IL-2 or IL-I2 administration, in 
each of the following groiqn: 

a) IL-2, subcutaneous injection of 250, lU/kg daily for 5 days 
and repeated once after a 2 day rest. 

b) 11^2, intravenous inftision of 720,000 lU/kg every 8 hours 



wo 98/08947 



FCT/US96/20S71 



-46- 

for 7 days, not to exceed 21 doses. 

c) IL-2, intravenous doses of 720,000 lU/kg every 8 houre for 5 
days not to exceed t5 doses. 

d) IL-i2, intiaveoous doses in amounts determined in 
consideration of murine studies in which mice were given O.S 
fig/mouse once a day for 5 days. 

6. Based upon the fuidings of initia] immunologic studies, up to 
15 patients will be treated at a single dose level that results in evidence of cell 
mediated immune effects to confmn the immunologic fmdings. 

The accumulation of biologic data concerning the development of 
cellular immune responses to the MART-1 antigen is the primary goal of treating 
these IS patients. If any patient at any dose level achieves grade m or grade IV 
toxicity, then an additional three patients will be treated at that dose. If a second 
patient ctevelops grade m or grade TV toxicity not'easlly managed by standard 
procedures, then the dose wiU not be ^calated. ' 
Interleukin>2 (ILr2) administration = 

IL-2 is administered at a dose of 720,000 lU/kg as an intravenous 
bohis over a IS minute period every eight houn beginning on the day after DNA 
immimization and continuing for a total of four days. Doses may be sidpped 
dq)ending on patient tolerance. For example, doses are skipped if patients reach 
grade m or IV toxidty. If this toxicity is easily reversed by supportive measures, 
then additional doses may be given. No more than 12 doses of IL-2 are 
administered after each immunization. IL-2 is administered as an inpatient 

IL-2 Fbrmulation/Rcconstitution: IL-2 (Chiron), NSC «73364. is 
provided as a lyophilized powder. Each 5 cc vial has a labeled strength of 1.3 mg 
(22 Million lU). The vial is reconstituted with 1.2 ml of sterile water for 
injection, USP, and the resultant concentration is 18 million lU/ml. Diluent should 
be directed against the side of the viaJ to avoid excess foaming. Vial contents are 
swirfed, not shaken, gently until completely dissolved. Since vials contain no 
preservative, the reconstituted solution should be used within 8 hours. 

Storage: Inuci vials are stored in the refrigerator (i.e., 2^-8*1:) 
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with protection from light. Each vial bean an expiration date. 

Dilution/Stability: Reconstituted IL-2 is further diluted with 5% 
Dextiose, USP and is not mixed with saline-containing solutions. Reconstituted 
IL-2 may be diluted as necessary in vohmies of SO ml to 500 ml with 5% 
Dextrose, USP plus 0. 1 % Albumin Human, USP. When diluting, the Albumin 
Human, USP should be added to the 5 « Dextrose Injection, USP prior to the 
addition of the IL-2. When diluted for IV administration in 5% Dextrose Injection, 
USP, in a plastic bag (e.g. Viaflex, manufactured by Travenol Laboratories, Inc.,) 
containing 0. 1 % Albumin Human, IL-2 is chemically stable for 48 hours at both 
refrigerated and room twnperatures, (i.e.. 2K:-3(JPC). 
Subcutaneous administration of,JL-2 

Patients begin receiving IL-2 by daily subcutaneous injection at a 
dose of 250.000 lUAcg on days 1-5 of therapy. After resting on days 6 and 7, 
patients then receive 5 daily injections as a second cycle of £^0,0K) lU/kg per 
dose. Therapy begins as an ii^satieo^. with teaching of patients to perform self- 
administered subcutaneous injections. Once a patient is judged competent to 
reconstitute and self-inject (or a fiuniiy member is considered competent), the 
patient is discharged to home to continue therapy. IL-2 is provided as lyq)hilized 
powder to be reconstituted by the patient with 1.2 cc of sterile water (U.S.P.). All 
reconstituted vials must be kept refrigerated (5°C) and must be discarded after 24 
hours. All patients receive tyleool 650 mg p.o., every 4-6 hours while on ther^y 
and indocin 50 mg p.o. every 6 hours is used on a PRN basis to treat constihitional 
symptoms. 

Because confusion is a possible side effect of 11^2 administration, a 
Durable Power of Attorney b signed by patients receiving IL-2 to identify a 
surrogate to make decisions, if a patiem becomes unable to make decisions. As 
necessary or required during the period of IL-2 administration, patients are tr^ed 
as in-patients and have vital signs monitored every 4 houn and are seen by 
physicians at least twice per day to monitor for confusion. 
Concomitant therapy All patients receiving IL-2 receive concomitant medications 
to relieve side effects, as is routine in high-dose IL-2 protocols. The following 
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concomitant medication should begin the evening t>efore the first dose of lL-2 and 
continue throughout the entire course of treatment: acetaminq)hen (650 mg every 
4 hours), indomethadn (50-75 mg every 6 hours), and ranitidme (150 mg every 12 
hours). Patients may receive intravenous mq>eridine (25 to 50 mg) to control 
chills when they occur, although chills are unusual after the first one to two doses 
of IL-2. Steroids are not used in these patients and if steroids are required, then 
the patient is removed from the protocol. 

Pretreatment Prior to the DMA vaccination and treatment protocol, patients will be 
evaluated and the following tests performed: 

a) Complete history and physical examination, including exact size 
and location of any measurable neq>lastic disease. 

b) Acute care, hepatic, mineral and thyroid, blood chemistry panel. 
^ t c) Complete blood count with differential. / 

d). Prothrombin time and partial throonboplastiri time. . 

c) Platelet count :; 

f) Urine analysis. * ;( ; 

g) HIV antibo(^ titer and Hqxititis B antigen determination. 

h) Chest x-ray and electrocardiogram 

i) All females of r^roductive potential must have a negative 
pregnancy test. 

j) Baseline x-rays and nuclear medicine scans to evaluate the status 

of disease. 

k) typing by the NIH Clinical Center, HLA testing laboratory. 

1) Histologic confirmation of the diagnosis of melanoma by 
pathologists at the NIH. 

m) 10 ml of serum are stored at -20^0 for subsequent testing. 

n) Lymphocytes are separated by FicoU gradients from 30 ml of 
whole blood and cryopreserved for subsequent immunologic testing. (Some 
patients may undergo a limited 2 to 3 hour leukapheresis to obtain additional 
lymphocytes at pretreatment and at one additional time after vaccination). 
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Pay pf jpimMnizatjoii 

Patients m observed for 24 hours after DNA immunization. Body 
tempetature is measured at 6 to 12 hours, and again at 24 hours, and any adverse 
reactions are noted. 

Eost irpnitf'niz^tipi) ^valffltjgn 

On day 14 after immunization the following patient information and 
tests will be obtained: 

a) Histoiy, including any symptoms resulting from the 

immunization. 

b) Examination of the immunization site if abnormal. 

c) Complete blood count with differential count. 

d) Platelet counts. 

e) Acute car&» pepdc, mineral and thyroid blood chemistry panel. 

f) Senim and lymphocytes ccyopreserved as performed at 
pretreatment. ; 

Patients are seen again on.day 28 and the above tests are performed 
inunedtately prior to the second imrnunizatiiEHi. Immunization is rqyeated only if 
all toxicity has resolved to grade I or less. Patients are evaluated at 14 days 
following the second immunization, and similar procedures are performed prior to 
andYoUowing the third and fuial immunization. 

Prior to each immunization, patients undergo an ophthalmologic 
examination to assess possible autoimmune ophthalmologic toxicity which, if 
present, is considered to be a dose-limitiiig toxicity. I^tients have a complete 
restaging of all sites of disease with appropriate physical examination and X-rays 
and nuclear medicine studies at the time of two months following the fmal 
vaccination. 
Immunologic studies 

Immunologic assessment will be made of the patient's response to 
the MART-1 antigen, as follows: 

a) Seram samples will be tested for anti-MART-1 antibody, e.g., by 

EUSA. 
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b) Cryopreserved lymphocytes will be tested for re^nse to the 
MART-i associated antigen (or GP-lOO associated antigen, if applicable; see 
below) using limiting dilution analysis of precursor CTL frequency using the 
method of Coulie, P. et al., 1992. l[ntgrnationa< Mm\ gf Cwgr 50:289-297. 

c) Patients will easily accessible disease may have biopsy umter 
local anesthesia of accessible tumor to study the histopathologic nature of the 
tumor, as well as the isolation of tumor infiltrating lymphocytes (TIL) for m vitro 
growth. TIL will be tested for ^)ecific reactivity and ^)eciftc cytokine release 
against the MART-1 associated antigen. 

Assessment of response 

A comply response is defined as the disappeaiance of all clinical 
evidence of disease that lasts at least four weeks, A paitial response is a 50% or 
greater decrease in the sum of the products of the peipeddicular 'diameter of all 
measurable lesions for at least ifour wedcs, wil6 no qjpearance oVnew leskms or 
increase in any lesions. Minor le^xmses are defined as lEibout a 25% to 49% 
decrease in the sum of the products of the peipendicular' diameters of all 
meanuable lesions with no aiq>eaiance of new leuons and no increase in any 
lesions. Any patient with less than a partial req)onse is considered a ncm- 
responder. Hie Bppcmncc of new lesions, or greater than 25% increase in the 
prdSuct of perpendicular diam^rs of prior lesions following a partial or complete 
response, will be considered as a relapse. 

Similar protocols will be followed for dte evaluation of other DNA- 
based vaccines against other human cancers and tumors, including genetically 
predisposed or inherited cancers and tumors. Vaccines to be tested include, but are 
not limited to, immunogens comprising DNA encodmg MART-1, followed by the 
systemic administration of <me or more cytokines, preferably 11^6, IL-7, orILrl2, 
or combinations thereof; immunogens comprising DNA encoding MART-1 and 
DNA encoding one or more of the above-listed cytokines, with IL-12 preferred; 
immunogens comprising DNA encoding MART-1 and DNA encoding B7.1, 
folkiwed by the administration of one or more cytokines, preferably IL-2, IL-6, IL- 
7, or IL-12, or combinations thereof, with IL-12 preferred; plasmtd DNA 
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comprising DNA encoding MART-1, DNA encoding one or more cytokines with 
DNA encoding IL-2, IL-6, IL-7, or IL-12, or combinations thereof, preferred, in 
combinaion with DNA encoding B7.1; immunogeo comprising DNA cocoding 
GPlOO, followed by the administration of one or more cytokines, preferably IL-2, 
IL-6, IL-7, or IL-12, or combinations thereof, immunogens comprising plasmid 
DNA comprising DNA encoding GPlOO and DNA encoding one or more of the 
above-listed cytokines, with IL-12 preferred; immunogens comjprising DNA 
encoding GPlOO and DNA encoding B7.1, followed by the administration of one 
or more cytokines, preferably IL-2, IL-6, IL-7. or IL-12. or combinations thereof, 
with IL-12 preferred; plasmid DNA comprising DNA encoding GPlOO, DNA 
encoding one or more cytokines, preferably, IL-2, IL-6, IL-7, or IL-12, or 
combinations thereof, and DNA encoding B7.1; and the like, immunogens 
comprising DNA encoding MAGE-1, fpUowed by the systemic administration of 
one or more cytokines, preferably, 11^2, IL-6, IL-7, or IL-12, or combinations 
thereof; immunogens comprising DNA encoding MAGE^l (for patients afflicted 
with melanoma and/or breast cancer) and DNA encodmg one or more of the 
above-listed cytokines, with IL-12 preferred; immunogens comprising DNA 
encoding MAGE-l and DNA exicoding B7.1, followed by the administration of one 
or more cytokines, with IL-2, ILr6, IL-7, or IL-12. or combinations thereof 
preferred, and with IL-12 most preferred; plasmid DNA comprising DNA encoding 
MAGE-1, DNA encoding one or more cytokines, preferably IL-2. IL-6, IL-7, or 
IL-12, or combinations thereof, and DNA encoding B7. 1 , with the an)iupriale 
modifications depending on the DNA immunogen, the antigen, and the cytokine 
and/or co^ulatory molecule used. 

The contents of all patent applications, issued patents, published 
articles and references, and textbooks as cited herein are hereby incorporated by 
reference in their entirety. 
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As various changes can be made in the above compositions and 
methods without dq>aiting from the scope and ^irit of the invention, it is intended 
that all subject matter contained in the above description, shown in the 
accompanying drawings, or deflned in the appended claims will be interpreted as 
illustrative, and not in a limiting sense. 
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SEQUENCE LISTING 



<1) GENERAL INFORMATION: 

(i) APPLICANT: THE GOVERNMENT OF THE UNITED 

STATES AS REPRESENTED BY THE 
SECRETARY, DEPARTMENT OF HEALTH 
AND HUMAN SERVICES 

(ii) TITLE OF INVENTION; CYTOKINE ENHANCEMENT OF 
DNA IMMUNIZATION RESULTS IN INCREASED 
SPECIFIC CELLULAR AND HUMORAL IMMUNE 
RESPONSES AGAINST PATHOGENIC DISEASES AND 
CANCER 

(ill) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: MORGAN AND FINNE6AN, L.L.P, 

(B) STREET: 345 PARK AVENUE 
{C) CITY: NEW YORK 

(D) STATE: NEW YORK 

(E) COUNTRY: USA 

(F) ZIP: 10154-0053 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: FLOPPY DISK, 3.5" 

(B) COMPUTER: IBM PC COMPATIBLE 

(C) OPERATING SYSTEM; PC-DOS/MS-DOS 

(D) SOFTWARE: WORDPERFECT 5.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: TO BE ASSIGNED 

(B) FILING DATE: 18*DEC-1996 

(vii) , PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/575.072 

(B) FILING DATE: 19-DEC-1995 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: LESLIE A. SBRUNIAN 

(B) REGISTRATION NUMBER: 35,353 

(C) REFERENCE/DOCKET NUMBER: 2026-4213PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (212) 75S-4d00 

(E) TELEFAX: (212) 751-6849 
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(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 AMINO ACIDS 

(B) TYPE: AMINO ACID 
(D) TOPOLOGY! LINEAR 

<ii) MOLECULE TYPE: PEPTIDE 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: ESCHERICHIA COLI 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1 

Thr Pro His Pro Ala Arg lie Gly Leu 
1 5 



(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 AMINO. ACIDS 

(B) TYPE: .AMINO: ACID .; 
(D) TOPOLOGY: LINEAR 

(ii) MOLECULE TYPE: PEPTIDE 

(vi) ORIGINAL SOURCE: ' 

(A) ORGANISM: INFLUENZA VIRUS 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 



Thr Tyr Gin Arg Thr Arg Ala Leu Val 
> 5 
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WHAT IS CLAIMED IS: 

1 . A nucleic acid immunogen comprising one or more isolated 
nucleic acid molecules encoding an antigen, or an immunogenic portion thereof, of 
a disease-causing agent, and one or more isolated nucleic acid molecules encoding 
a cytokine, said immunogen delivered to cells using direct gene delivery. 

2. The immunogen according to claim 1, fiirther comprising one 
or more isolated nucleic acid molecules encoding an immunostimulatoty molecule. 

3. The immunogen according to claim 1, wherein the disease- 
causing agent is a cancer or a pathogenic microorganism. 

4. The immunogen according to plaim 3, wherein the cancer is 
selected from the group consisting of non-Hodgkins lymphoma, Hodgkins 
lymphoma, leukemia, lung cancer, liver cancer, metastases, melanoma, carcinoma, 
neuroblastoma, adenocarcinoma, thymoma, colon cancer, uterine cancer, breast 
cancer, prostate cancer, ovariai) cancer, cervical cancer, bladder cancer, kidney 
cancer, pancreatic cancer or sarcoma. 

5. The immunogen according to claim 4, wherein the antigen is 
a tumor associated antigra. 

6. The immunogen according to claim 5, wherein the tumor 
associated antigen is selected from the group consisting of oncofetal antigens, 
MART-1, MAGE-l, MAGE-3. GP-lOO, tyrosinase, CEA, PSA, CA-17iA, CA- 
19-A. CA-I25, eib-2, TRP-I, P-15 and /S-galactosidase. 

7. The immunogen according to claim 3, wherein the pathogenic 
microorganism is a virus, bacterium, protozoan, or yeast. 

8. The immunogen according to claim 7, wherein the pathogenic 
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virus is HIV, hqsatitis viius, human papillomavirus, equine encephalitis vims, 
heipes simplex vims or influenza vims. 

9. The immunogen according to claim 1 or claim 2, wherein the 
cytokine or tmraunostimulatory molecule is selected from the group consisting of 
IL-1. IL-2, IL-3, IL-4, IL-5, IL-6, IL-7. IL-8. IL-9, IHO, DL-ll, IL-12, IL-13, 
IL-14, 1L-I5. B7.1, B7.2, ICAM-1, ICAM-2. LFA-l. LFA-3, CD72, GM-CSF, 
TNFa, IFN>, G-CSF. M-CSF, IFNa, CTAP m. ENA-78, GRO, 1-309, PF-4, IP- 
10, LD-78. MGSA, KUP-la, NflP-lB, RANTES, and combinations thereof. 

10. The immunogen according to claim 9, wherein the cytokine is 
selected from the group consisting of IL-2, IL-6, IL-7, and IL-12. 

11. The immunogen according to^claim >^ , wherein the nucleic 
acid immunogen is delivered by means, of particle bombardment or a gene gun 
ddvice. i: 

12. The immunogen according to claim 1, wherein the nucleic 
add is affixed to gold panicles. 

13. The immunogen according to claim 12, wherein the gold 
particles are delivered by means of panicle bombardment or a gene gun device. 

14. The immunogen according to claim 1 1 , 12, or 13, wherein 
the immunc^en is delivered into the adominal epidermis. 

15. A nucleic acid immunogen comprising one or more isolated 
nucleic acid molecules encoding a tumor associated antigen and one or more 
isolated nucleic acid molecules encoding a cytokine, said immunogen delivered to 
cells using direct gene delivery. 
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16. The immunogen according to claim IS, further comprising 
one or more isolated nucleic acid molecules encoding an immunostimulatoiy 
molecule. 



17. The immunogen according to claim IS, wherein the tumor 
associated antigen is selected from the group consisting of oncofetal antigen, 
MART-U MAGE-1, MAGE-3, GP-lOO, tyrosinase. CEA, PSA, CA-I71A, CA- 
19-A, CA-125, erb-2, TRP-1, P-15, and /J-galactosidase. 



18. The immunogen according to claim 15 or claim 16, wherein 
the cytokine or immunostimulatory molecule is selected from the group consisting 
of ICAM-1, ICAM-2, LFA-1. LFA-3, CD72, GM-CSF, TNFa, IFN7. RANTES, 
B7.1. B7.2, IL-1, II-2, E^3. IL-4, IL-5, tt^, Il<7, IL-8, 11^9, n.-10, IL-11, IL- 
12, IL-13, H^U, IL-IS, G-CSE, M-CSF, IFNa, CT^P ffl, ENA-78, GRO. 1-509, 
PF-4, IP-10, LD-78, MGSA, MBP-l IB, and combinations thereof, 

19. The immunogen according to claim 18, wherein the cytoidne 
is selected from the group consistir^ of II>2, IL>6, IL-7, and JLrVL. 

20. The immunqgen according to claim IS, wherein the nucleic 
acid immunpgen is delivered by means of particle bombardment or a gene gun 
device. 



21. The immunogen according to claim 15, wherein the nucleic 
acid is affixed to gold particles. 



22. The immunogen according to claim 21, wherein the gold 
particles are delivered by means of particle bombardment or a gene gun device. 

23. The immunogen according to claim 20, 21, or 22, wherein 
the immunogen is delivered into the adominal epidermis. 
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24. A method of preventing or treating a disease or cancer in a 
patient, comprising: 

(a) introducing into the patient by direct gene delivery an 
effective amount of a nucleic acid immunogen comprising one or more isolated 
nucleic acid molecules encoding an antigen or an immunodominant q)itope of a 
disease-causing agent or cancer; and 

(b) administering to the patient a cytokine in an amount effective 
for enhancing the immune response of the patient and ameliorating or reducing the 
effects of the disease or cancer. 

25. The method according to claim 24, further comprising the 

step of: 

(c) adininistering to the patient an imi^unostimulatory molecule 
in ah amount effective for enhancing or modulating the immune re^xmse of the 
patient. ' ■ ' " ^. *V 

26. The method according td claim 24,' wherein the cytokine is 
encoded by cytokine-speciflc DNA and administered by means of direct gene 
delivery or the cytokine is exogenously administered to the patient. 

27. The method according to claim 25, wherein the cancer ts 
selected from the group consisting of non-Hodgkins lymphoma, Hodgkins 
lymphoma, leukemia, lung cancer, liver cancer, metastases, melanoma, 
neuroblastoma, adenocarcinoma, thymcHna, coton cancer, uterine cancer, breast 
cancer, prostate cancer, ovarian cancer, cervical cancer, bladder cancer, kidney 
cancer, pancreatic cancer or sarcoma. 



28. The method according to claim 25, wherein the disease is 
caused by a pathogenic microorganism selected from the group consisting of 
viruses, bacteria, protozoans, parasites, and yeast. 
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29. The method according to claim 25, wheiriu, in the 
introducing step (a), the nucleic acid immunogen is affixed to gold paiticles. 

30. The method according to claim 24 or claim 29, wherein the 
nucleic acid is delivered by means of a gene gun device* 

31 . The method according to claim 30, wherein the nucleic add 
is delivered into the abdominal q)idennis. 

32. The method according to claim 24 or claim 25, wherein the 
cytokine or immunostimulatory molecule is selected from the group consisting of 
ICAM-l, ICAM-2. LFA-1. LFA-3. CD72, GM-CSF, TNFa, IFNy, RANTES, 

> B7.1, B7.2, IL-1, 11-2, IL-3. IL^, IL-5, IL-6, IL-7, IL-8. IL-9, IL-10, n>l l, IL- 
12. IL-13, E^i4, 11^15, G-CSF^ M-C5F, IFNa, CTAPm. ENA-78. GRO, 1-309, 
PF-4, IP-10, LD-78, MGSA, MIP-lo; MIP-IB, and combinations thereof. 

33. The metbofi according to claim 32, wherein the cytokine is 
selected from the group consisting of IL-2, IL-6, IL-7, and 11^12. 

34. A m^hod of preventing or treating a disease or cancer in a 
mammal comprising introducing into the mammal an effective amount of the 
immunogen according to daim 1, 2, 15, or 16, the amount effective in preventing, 
reducing or ameliorating the disease or cancer. 

35. The method according to claim 34, wherein the cancer is 
selected from the group consistmg of non-Hodgkins lymphcnna, Hodgkins 
lymphoma, leukemia, lung cancer, liver cancer, metastases, melanoma, 
neuroblastoma, adenocarcinoma, thymoma, colon cancer, uterine cancer, breast 
cancer, prostate cancer, ovarian cancer, cervical cancer, bladder cancer, kidney 
cancer, pancreatic cancer or sarcoma. 
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36. The method according to claim 34, wherein the disease is 
caused by a pathogenic microorganisn) selected from the group consisting of 
viruses, bacteria, protozoans, parasites, and yeast, 

37. The method according to claim 34, wherein the introduced 
nucleic acid immunogen is affued to gold panicles. 

38. The method according to claim 34, wherein the nucleic acid 
immunogen is delivered by means of a gene gun device. 

39. The method according to claim 38, wherein the nucleic add 
immunogen is delivered into the abdominal epidennis. 

40. The method accordii^ to clairt 34, wherein the cytokine or 
immunosdroulatory molecule is selected from*'^ group consisting of ICAM-l, 
ICAM-2. LFA-1, LFA-3, CD72, GM-CSF, TNFa. IFNy, RANTES, B7J, B7.2, 
IL-1, II-2, 11^3, IL^, H^S, IL^, IL-7, II^8,'iIL-9,U-10, H^ll, IL-I2, IL-I3, 
IH4, IL-15, G-CSF. M-CSF. IFNa, CTAPm, ENA-78, GRO, 1-309, PF-4, IP- 
10. IJ>-78, MGSA, MlP-la, MIP-IB, and combinations thereof. 

41 . The method according to claim 40, wherein the cytokine is 
selected from the group consisting of IL-2, IL^, TL-l, and IL-I2. 

42. A ptermaceutical composition comprising the nucleic acid 
immunogen according to claim I, alone or in combination with an exogenous 
immunostimulatoiy molecule, chemotherapy drug, antibiotic, antifungal drag, 
antiviral drag or combination thereof and a phannaceutically acceptable earner or 
excipient. 



43. The pharmaceutical composition according to claim 42, 
wherein the cytokine or immunostimulatory molecule is selected from the group 
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consisting of ICAM-1, ICAM-2, LFA-1. LFA-3, CD72, GM-CSF. TNFa, IFN7, 
RANTES, B7.1, B7.2, EL-1, II-2, IL-3, IL-5, IL-6, IL-7. 11^8, IL-9, IHO, 
IL-11, IL-12, 11^13, IL-IS, G-CSF, M-CSF, IFNa, CTAP HI, ENA-78, 
GRO, 1-309, PF-4, IP-10, LI>-7$. MGSA, MlP-la, MIP-IB, and combinations 
thereof. 

44. A phannaceutica] composition comprising the nucleic acid 
immuROgen according to claim 15, alone or in combination with an exogenous 
immunostimulatofy molecule, chemotherapy dni£» antibiotic, antifungal dnig, 
antiviral dnig or combination thereof and a pharmaceuttcally acceptable carrier or 
excipient. 

45. The pharmaceutical composition accoidjoig to claim 44, 
wherein the cytokine or immunosttmulatoiy. molecule is selected from the group 
consisting of ICAM-l, ICAM-2, LFA-1, LFA-3, CH)72, GM-CSF, TNFa, IFNy, 
RANTES, B7il, B7.2, II^l,iII-2, 11^3, IL^, I1^5vIL-6, IL-7, 11^8, IL.9, H^IO, 
IL-11, IL-12, H^n, IL-14, IL-15, G-CSF, M-CSF, IFNcr, CTAP BI, ENA-78, 
GRO, 1-309, PF-4, IP-10, LD-78, MGSA, MlP-la, MIP-IB, and combinations 
thereof. 

46. A method of preventing or treating a cancer or disease 
comprising inoculating a manmial with a nucleic acid immunogen comprising a 
gene, or portion thereof, encoding a cancer or disease-associated antigen, or 
immunodominant epitope thereof, in combination with an exogenous cytokine 
adjuvant, and optionally, providing an exogenous immunostimulatoiy molecule in 
combination with the immunogen and cytddne adjuvant, wherein the nucleic add 
immunogen is directly delivered to the mammal by particl'^-mediated gene deliveiy. 

47. The method according to claim 46, wherein the cancer is 
selected from the group consisting of non-Hodgkins lymphoma, Hodgkins 
lymphoma, leukemia, lung cancer, liver cancer, metastases, melanoma, carcinoma. 
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neuroblastoma, adenocarcinoma, thymoma, colon cancer, uterine cancer, breast 
cancer, prostate cancer, ovarian cancer, cervical cancer, bladder cancer, kidney 
cancer, pancreatic cancer or sarcoma. 

48. The method according to claim 46, wherein the disease is 
caused by a pathogenic microorganism selected from the group consisting of 
vinises, bacteria, protozoans, parasites, and yeast. 

49. The method according to claim 46, wherein the nucleic acid 
immunogen is affixed to gold particles. 

50. The method according to claim 46 or claim 49, wherein the 
nucleic acid is delivered by means of a hand*held gene gun device. 

' 51. The method according to claim '50, ^wherein the- nucleic acid 

U delivered into the abdominal qiidermis. 

52. The method according to claim 46, wherein the exogenous 
cytokine or immunostimulatoiy molecule is selected from the group consisting of 
ICitM-1, ICAM-2, LFA-1. LFA-3, CD72, GM-CSF. TNFa, IFNy, RANTfiS, 
B7.1, B7.2, IL-1, fl-2. IL-3, IL^, IL-5, IL^, 11^7, IL-8, IL-9, IL-10, IHl, 11^ 
12, IL-13, IH4, IL-15, G-CSF, M-CSF, IFNa, CTAP 10, ENA-78, GRO, 1-309, 
PF-4, IP-10, LD-78, MGSA, NflP-la, MIP-IB, and combinations thereof. 

53. The method according to claim 52, wherein the exogenous 
cytokine is selected from the group consisting of IL-2, 11^6, IL-7, and IL-12. 

54. A method of making an immune response-enhancing 
immunogen specifically directed against a disease causing agent or cancer, 
comprising affixing to particles an isolated nucleic acid sequence encoding one or 
more antigens or immunodominant q)ttopes of the disease<ausing agent or cancer 
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and an isolated nucleic acid sequence encoding one or more cytokines, and 
optionally, an isolated nucleic acid sequence encoding one or more 
immunostimulatoiy molecules, wherein the coated paiticles are directly inoculated 
into a mammal by means of a direct gene deliveiy device. 

5 

55. An immune re^nse-enhancing nucleic acid immunogen 
made according to the method of claim 54. 

56. A method of preventing a disease or cancer in a mammal, 
comprising administering to the mammal an effective amount of the pharmaceutical 
composition according to claim 42, said anuMint effective to resuh in the inductkm 
of antigen-specific cellular and humoral immune rinses and protective immunity 
in the mammal, thereby resulting in the reduction of the disease or cancer. 

57. A method of preventing a disease or cancer in a mammal, 
comprising administering to the mammal an effective amount of the pharmaceutical 
composition according to claim 44, said amount effective to resuh in the induction 
of anUgen-qjecific cellular and humoral immune rinses and protective immunity 
in the mammal, thereby resulting in the reduction of the disease or cancer. 
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